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DATA STORAGE LIBRARY WITH MEDIA
ACCLIMATION DEVICE AND METHODS OF
ACCLIMATING DATA STORAGE MEDIA

BACKGROUND

The present disclosure relates to a library for the storage
and transfer of data, and more specifically, to a selif-cooled
data storage library having a media acclimation device for
gradually acclimating data storage cartridges and/or media.

Automated data storage libraries are known for providing
cost eflective storage and retrieval of large quantities of data.
The data 1n automated data storage libraries i1s typically
stored on the media contained 1n data storage cartridges that
are, 1n turn, stored at storage slots or locations and the like
inside the library 1n a fashion that renders the media, and 1ts
resident data, accessible for physical retrieval. Such data
storage cartridges, are also commonly referred to as “remov-
able media.” The media 1n data storage cartridges also
referred to as data storage cartridge media or data storage
media may comprise any type of media on which data may
be stored, and which optionally may serve as removable
media, including but not limited to magnetic media (such as
magnetic tape or disks), optical media (such as optical tape
or disks), electronic media (such as PROM, EEPROM, flash
PROM, COMPACTFLASH™, SMARTMEDIA™,
MEMORY STICK™, etc.), or other suitable media. An
example of a data storage cartridge that 1s widely employed
in automated data storage libraries for mass data storage 1s
a magnetic tape cartridge.

In addition to data storage media, automated data storage
libraries typically comprise data storage drives that store
data to, and/or retrieve data from, the data storage cartridge
media. Further, automated data storage libraries typically
comprise I/O stations at which data storage cartridges are
supplied or added to, or removed from, the library. The
transport of data storage cartridges between data storage
slots, data storage drives, and I/O stations 1s typically
accomplished by one or more robotic accessors. Such acces-
sors have grippers for physically retrieving the selected data
storage cartridges from the storage slots within the auto-
mated data storage library and transporting such cartridges
to the data storage drives by moving, for example, 1n the
horizontal (X) and vertical (Y) directions.

Efforts to improve the performance of traditional data
storage centers attempt to minimize the cost of processing
and storing data. One option that 1s employed to reduce
operational costs of data centers 1s to run the equipment 1n
the data center at the high end of 1ts environmental opera-
tional limits, thereby reducing cooling requirements and
operational costs of the data center. In other words, data
centers are running increasingly hot and more humid con-
ditions than traditional data centers in an attempt to reduce
operating costs. Magnetic tape may be susceptible to deg-
radation when exposed to these unfavorable conditions, and
therefore, this option may have negative implications for
magnetic tape libraries.

In an eflort to control the environment within data storage
libraries so as to provide improved working conditions for
data storage media, data storage drives, etc., particularly
magnetic tape media and drives, environmental conditioning,
units may be associated with and/or imncorporated into the
data storage libraries themselves to control the temperature,
humidity and/or other environmental conditions within the
interior of the data storage library. While these environmen-
tal conditioning units may eflectively control the tempera-
ture, humidity and/or other conditions within the data stor-
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age libraries, the environmental conditions of the area
surrounding the libraries remain largely unchanged, with

conditions often being higher in both temperature and
humidity. While this may allow a data center to operate at
reduced costs, 1t may also result in a marked temperature
differential between the interior and exterior environments
of the data storage libraries with environmental conditioning
units. Such a temperature differential may prove problematic
during service of the data storage library and/or replacement
of data storage library components such as data storage
cartridges, data storage drives, etc., as condensation may
develop on replacement cartridges and other service parts
during installation and/or removal from the data storage
library. Condensation formation and accumulation on such
sensitive componentry, including particularly magnetic tape
media, cartridges and drives, may cause degraded perfor-
mance and 1n worst case scenarios, component failure and/or
data loss.

SUMMARY

According to an embodiment, a data storage library for
the handling and storage of a plurality of data storage
cartridges 1s disclosed. The data storage library comprises at
least one library frame enclosure, the at least one library
frame enclosure configured to receive one or more data
storage cartridges, and at least one environmental condition-
ing unit for conditioning the internal environment conditions
within the 1nterior of the at least one library frame enclosure
to be diflerent than the environmental conditions exterior of
the at least one library frame enclosure. The data storage
library further includes at least one media acclimation
device comprising one or more storage locations to receive
the one or more data storage cartridges therein, and further
wherein the at least one media acclimation device 1s con-
figured to gradually acclimate the one or more storage
locations from one or more external environmental condi-
tions to one or more internal environmental conditions.

The at least one media acclimation device of the data
storage library may further comprise at least one of a
thermoelectric heater, a thermoelectric cooler, an electric
heater, a liquid heater, a liquid cooler, an air conditioner, a
heat pump, an evaporative cooler, an 1onizer, a humidifier, a
dehumidifier, one or more fans, or any combination thereof.

The data storage library may comprise one or more
import/export (I/0) stations, wherein at least a portion of the
one or more I/O stations 1s configured to act as the at least
one media acclimation device. The one or more I/O stations
may also comprise at least a first door on a front surface
thereof and at least a second door on a rear surface thereof,
wherein the first and second doors are configured to selec-
tively provide an isolated environment within the one or
more 1/0 stations. In another aspect of the embodiment, the
first door on the front surface of the one or more I/0 stations
1s manually operable by a user for insertion of the at least
one data storage cartridge. In yet another aspect of the
embodiment, the one or more 1I/0 stations may comprise one
of more fans, wherein the one or more fans are configured
to selectively provide airflow from at least one of the interior
environment of the library frame enclosures and the exterior
environment of the library frame enclosures.

In accordance with another aspect of the embodiment, the
ata storage library may comprise one or more data storage
rive bays, wherein the at least one media acclimation
evice 1s configured to fit into the one or more data storage
rive bays. The at least one media acclimation device may
comprise at least one opening configured to provide access
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for imsertion and removal of at least one data storage
cartridge therein. Furthermore, the at least one media accli-
mation device may comprise at least one air duct in com-
munication with an internal cavity of the at least one media
acclimation device. Alternatively, the at least one media
acclimation device may comprise at least one liquid supply
line 1in commumnication with an internal cavity of the at least
one media acclimation device. The data storage library may
also have a robotic accessor for accessing and transporting
one or more data storage cartridges, wherein the at least one
media acclimation device 1s incorporated into the robotic
accessor.

According to another embodiment of the present disclo-
sure, a method of acclimating a component for msertion 1into
or removal from a data storage library 1s disclosed. The
method may comprise inserting at least one data storage
cartridge 1nto the at least one media acclimation device 1n
response to at least one environmental condition within the
at least one media acclimation device being at or near the at
least one environmental condition outside of the data storage
library. The method may further include adjusting at least
one environmental condition within the at least one media
acclimation device based upon at least one momitored envi-
ronmental condition at the interior of the data storage library
and the at least one monitored environmental condition
within the at least one media acclimation device. Addition-
ally, the method may comprise determining 11 the at least one
environmental condition within the at least one media accli-
mation device meets a predetermined threshold, and remov-
ing the data storage cartridge from the at least one media
acclimation device when 1t 1s determined that the at least one
condition within the at least one media acclimation device
meets the predetermined threshold.

The at least one environmental condition detected at the
interior of the data storage library, at the exterior of the
library, and within the media acclimation device may be at
least one of the temperature level and the humidity level.
Furthermore, the data storage cartridge may be manually
inserted into the media acclimation device by a user or,
alternatively, the data storage cartridge may be inserted into
the media acclimation device by a robotic accessor within
the data storage library. The at least one environmental
condition at the interior and exterior of the data storage
library and the at least one environmental condition within
the media acclimation device may each be determined by at
least one of a temperature sensor and a humaidity sensor.

In accordance with another embodiment, a computer-
implemented method 1s disclosed, the computer imple-
mented method comprising monitoring at least one environ-
mental condition within a media acclimation device
associated with the data storage library, and monitoring at
least one environmental condition outside the media accli-
mation device. The computer-implemented method further
includes adjusting the at least one environmental condition
within the media acclimation device based on the at least one
environmental condition outside the media acclimation
device, and determining 1f the at least one environmental
condition within the media acclimation device meets a
predetermined threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a perspective view ol one embodiment of an
automated data storage library.

FIG. 1B 1s a perspective view of another embodiment of
an automated data storage library.
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FIG. 2 1s a perspective view of the interior of a storage
frame from the data storage library of FIGS. 1A & 1B.

FIG. 3 1s a block diagram of one embodiment of an
automated data storage library.

FIG. 4 1s a block diagram depicting one embodiment of a
controller configuration.

FIG. 5A 15 a front perspective view of one embodiment of
a data storage drive.

FIG. 5B 1s a rear perspective view of the data storage
drive of FIG. SA.

FIG. 6 1s perspective view of one embodiment of a data
storage cartridge having a cutaway portion.

FIGS. 7A-7B are perspective views of one embodiment of
a multi-cartridge deep slot cell, where FIG. 7A shows the
housing 1n phantom lines to show the interior of the deep slot
cell.

FIGS. 8 A-8D are partial side views of one embodiment of
a cartridge blocking mechanism.

FIG. 9 1s a tiered data storage system, in accordance with
one embodiment.

FIG. 10 1s a partial side view of one embodiment of the
interior of a system for storing and transferring data record-
ing media.

FIG. 11 1s a perspective view of one embodiment of a data
storage library.

FIG. 12 1s a perspective view ol one embodiment of a
media acclimation device.

FIG. 13 1s a perspective view of another embodiment of
a media acclimation device.

FIG. 14 15 a perspective view of yet another embodiment
of a media acclimation device.

FIG. 15 1s a perspective view of one embodiment of a data
storage library and robotic accessor.

FIG. 16 15 a flowchart of one embodiment of a method for
acclimating at least one data storage cartridge.

FIG. 17 1s a lowchart of another embodiment of a method
for acclimating at least one data storage cartridge.

FIG. 18 1s a tlowchart of another embodiment of a method
for acclimating at least one data storage cartridge.

FIG. 19 1s a flowchart of another embodiment of a method
of acclimating at least one data storage cartridge.

FIG. 20 1s a flowchart of another embodiment of a method
ol acclimating at least one data storage cartridge.

DETAILED DESCRIPTION

The following description 1s made for the purpose of
illustrating the general principles of the present mmvention
and 1s not meant to limit the inventive concepts claimed
herein. Further, particular features described herein can be
used in combination with other described features in each of
the various possible combinations and permutations.

Unless otherwise specifically defined herein, all terms are
to be given their broadest possible interpretation including
meanings implied from the specification as well as meanings
understood by those skilled in the art and/or as defined in
dictionaries, treatises, etc.

It must also be noted that, as used 1n the specification and
the appended claims, the singular forms “a,” “an” and “the”
include plural referents unless otherwise specified.

FIGS. 1A & 1B and FIG. 2 illustrate an automated data
storage library 10 which stores and retrieves data storage
cartridges, containing data storage media (not shown), from
multi-cartridge deep slot storage cells 100 and single car-
tridge storage slots 16. An example of an automated data
storage library which has a similar configuration as that
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depicted in FIG. 1A and FIG. 2, and may be implemented
with some of the various approaches herein 1s the IBM 3584
UltraScalable Tape Library.

The library 10 of FIG. 1A comprises a leit hand service
bay 13, one or more storage frames 11, and right hand
service bay 14. The library 10 of FIG. 1B comprises a left
hand service bay 13, one or more storage frames 11, a right
hand service bay 14 and optional environmental condition-
ing units 1012 housed within enclosures 1020 which may
control the temperature, humidity and/or other environmen-
tal conditions 1n the interior of the library 10. While two
environmental conditioning units are shown in FIG. 1B, 1t
will be appreciated that more or less environmental condi-
tiomng units 1012, may be associated with the library, and
in some circumstances the library may have no environmen-
tal conditioning units. As will be discussed in further detail
below, a storage frame may comprise an expansion Compo-
nent of the library. Thus, storage frames may be added or
removed to expand or reduce the size and/or functionality of
the library. According to different approaches, frames may
include additional storage slots, deep storage slot cells,
drives, import/export stations, accessors, operator panels,

library controllers, communication cards, etc. Moreover, an
accessor aisle 12 preferably extends between the storage
frames and bays of the embodiments in FIGS. 1A & 1B
thereby allowing an accessor to move between frames. A
moveable and/or deployable panel 21 may be displaced to
cover and/or block (as well uncover and/or unblock) aisle 12
from commumcating with the exterior of the data storage
library. Panel 21 may be moved and/or removed to permit
access to the interior of the service bays 13, 14.

FIG. 2 shows an exemplary embodiment of a storage
frame 11, which may act as the base frame of the library 10
or may comprise the entire library. Herein, a library frame
refers to a non-expandable library, an expandable library
and/or an expansion component of a library. The library 10
illustrated 1n FIG. 2 may have only a single accessor 18 (i.e.,
there are no redundant accessors) and no service bay.
However, 1n other embodiments, a library may include
multiple robotic accessors and/or service bays.

Looking to FIG. 2, the library 10 1s arranged for accessing,
data storage media 1n response to commands from at least
one external host system (not shown). The library 10
includes a plurality of storage slots 16 on front wall 17 and
a plurality of multi-cartridge deep slot cells 100 on rear wall
19, both of which may be used for storing data storage
cartridges that may contain data storage media. According to
one approach, the storage slots 16 are configured to store a
single data storage cartridge, and the multi-cartridge deep
slot cells 100 are configured to store a plurality of data
storage cartridges. In one aspect, the interior of the multi-
cartridge deep slot cells may be arranged so that the plurality
ol data storage cartridges are 1n sequential order of tiers from
front to rear (e.g., see FIG. 7A).

With continued reference to FIG. 2, the storage frame 11
of the library 10 may include at least one data storage drive
15, e.g., for reading and/or writing data with respect to the
data storage media 1n the data storage cartridges. Addition-
ally, a first accessor 18 may be used to transport data storage
cartridges containing data storage media between the plu-
rality of storage slots 16, the multi-cartridge deep slot cells
100, and/or the data storage drive(s) 15. According to
various approaches, the data storage drives 15 may be
optical disk drives, magnetic tape drives, or other types of
data storage drives that are used to read and/or write data
with respect to the data storage media.
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As 1illustrated, the storage frame 11 may optionally
include an operator panel or other user interface 23, such as
a web-based interface, which allows a user to interact with
the library 10. The storage frame 11 may also optionally
comprise an upper import/export (I/0) station 24 and/or a
lower 1/0 station 25, thereby allowing data storage car-
tridges to be added (e.g., inserted or imported) to the library
inventory and/or removed (e.g., exported) from the library
without having to open front panel 17 or otherwise disrupt
library operations. Furthermore, the library 10 may have one
or more storage frames 11, preferably accessible by the first
accessor 18.

As described above, the storage frames 11 may be con-
figured with different components depending upon the
intended function. One configuration of storage frame 11
may comprise storage slots 16 and/or multi-cartridge deep
slot cells 100, data readers or drive(s) 15, and or accessors
18, and other optional components to store and retrieve data
from the data storage cartridges. However, in another
approach, a storage frame 11 may include storage slots 16
and/or multi-cartridge deep slot cells 100 and no other
components. The first accessor 18 may have a gripper
assembly 20, e.g., for gripping one or more data storage
cartridges, 1n addition to having a bar code scanner or other
reading system, such as a cartridge memory reader or similar
system mounted on the gripper assembly 20, to “read”
identifving information about the data storage cartridge.

The service bays may be configured with different com-
ponents and 1n different configurations depending upon 1its
intended function. The service bay 1s typically another frame
of the library 10 and, without intent on limiting the disclo-
sure, generally provides an area to house and perform
service on the robotic accessor without interfering with the
operation of the other library frames. The service bay may
include a moveable panel, barrier or door to provide access
to 1ts interior and/or to protect someone servicing an acces-
sor or other component associated with the service bay. The
service bay may further include one or more data cartridge
storage slots, multi-cartridge deep slot storage cells, data
cartridges, accessors, data readers or drives, as well as other
components.

FIG. 3 depicts and schematically illustrates an automated
data storage library 10, 1n accordance with one embodiment.
As an option, the automated data storage library 10 may be
implemented 1n conjunction with features from any other
embodiment listed herein, such as those described with
reference to the other FIGS. Of course, however, automated
data storage library 10 and others presented herein may be
used 1n various applications and/or in permutations which
may or may not be specifically described 1n the illustrative
embodiments listed herein. Further, the automated data
storage library 10 presented herein may be used in any
desired environment. Thus FIG. 3 (and the other FIGS.)
should be deemed to include any and all possible permuta-
tions.

Referring now to FIG. 3, the automated data storage
library 10 as described in reference to FIGS. 1A & 1B and
FIG. 2, 1s depicted according to one embodiment. According
to a preferred approach, the library 10 may employ a
controller, e.g., arranged as a distributed system of modules
with a plurality of processor nodes.

In one approach, the library 1s controlled, not by a central
controller, but rather, by a distributed control system for
receiving logical commands and converting the commands
to physical movements of the accessor and gripper, and for
operating the drives 1n accordance with the desired physical
movements. The distributed control system may also pro-
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vide logistical support, such as providing a user interface
that allows a user to interact with the library, responding to
host requests for element status, mventory, library status,
etc. The specific commands, the conversion of those com-
mands to physical movements of the accessor, gripper,
controllers, and other components, and the operation of the
drives may be of a type known to those of skill in the art.

While the automated data storage library 10 has been
described as employing a distributed control system, various
other approaches described and/or suggested herein may be
implemented 1n automated data storage libraries regardless
of control configuration, such as, but not limited to, an
automated data storage library having one or more library
controllers that are not distributed.

Referring still to FIG. 3, the library 10 may have one or
more storage frames 11, a left hand service bay 13 and a
right hand service bay 14. The left hand service bay 13 1s
shown with a first accessor 18, where, as discussed above,
the first accessor 18 may include a grnipper assembly 20
and/or a bar code scanner 22 (e.g., reading system) to “read”
identifying information about the data storage cartridges
depending on the desired embodiment. Furthermore, the
right hand service bay 14 1s shown having a second accessor
28, which includes a gripper assembly 30 and may also
include a reading system 32 to “read” identifying informa-
tion about the data storage cartridges.

According to one approach, in the event of a failure or
other unavailability of the first accessor 18, or 1ts gripper
assembly 20, etc., the second accessor 28 may perform some
or all of the functions of the first accessor 18. Thus 1n
different approaches, the two accessors 18, 28 may share one
or more mechanical paths, they may have completely 1inde-
pendent mechanical paths, or combinations thereof. In one
example, the accessors 18, 28 may have a common hori-
zontal rail with independent vertical rails to travel thereal-
ong. Moreover, 1t should be noted that the first and second
accessors 18, 28 are described as first and second for
descriptive purposes only and this description 1s not meant
to limit either accessor to an association with either the left
hand service bay 13, or the right hand service bay 14.

In an exemplary embodiment which 1s 1n no way intended
to limit the disclosure or the invention, the first and second
accessors 18, 28 may preferably move their grippers 1n at
least two directions, called the horizontal “X” direction and
vertical “Y” direction, e.g., to retrieve and grip, deliver and
release, load and unload, etc. the data storage cartridges at
the storage slots 16, multi-cartridge deep slot cells 100, data
storage drives 15, etc.

With continued reference to FIG. 3, library 10 receives
commands from one or more host systems 40, 41, 42. The
host systems 40, 41, 42, such as host servers, communicate
with the library directly, e.g., on line 80 (e.g., path), through
one or more control ports (not shown), or through one or
more data storage drives 15 on paths 81, 82. Thus, 1n
different approaches, the host systems 40, 41, 42 may
provide commands to access particular data storage car-
tridges and move the cartridges, for example, between the
storage slots 16, the deep slot cells 100, and the data storage
drives 15. The commands are typically logical commands
identifying the data storage cartridges or data storage car-
tridge media, and/or logical locations for accessing the
media. Furthermore, 1t should be noted that the terms
“commands” and “work requests” are used interchangeably
herein to refer to such communications from the host system
40, 41, 42 to the library 10 as are intended to result in
accessing particular data storage media within the library 10
depending on the desired approach.
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According to one embodiment, the library 10 may be
controlled by a library controller. Moreover, 1n various
approaches, the library controller may include a distributed
control system receiving the logical commands from hosts,
determining the required actions, and/or converting the
actions to physical movements of the first and/or second
accessors 18, 28 and/or gripper assemblies 20, 30. In another
approach, the distributed control system may have a plural-
ity ol processor nodes, each having one or more computer
processors. According to one example of a distributed con-
trol system, a communication processor node 50 may be
located 1n a storage frame 11. The communication processor
node provides a communication link for receiving the host
commands, either directly or through the drives 15, via at
least one external interface, e.g., coupled to line 80.

Still referring to FIG. 3, the communication processor
node 50 may additionally provide a line 70 for communi-
cating with the data storage drives 15, e.g., a communication
link. As illustrated, the communication processor node 50
may preferably be located 1n the storage frame 11, e.g., close
to the data storage drives 15. Furthermore, one or more
additional work processor nodes may be provided to form an
exemplary distributed processor system, which may com-
prise, €.2., a work processor node 52 located at first accessor
18, and that 1s coupled to the communication processor node
50 via a network 60, 157. According to different approaches,
cach work processor node may respond to received com-
mands that are broadcast thereto from any communication
processor node, and the work processor nodes may also
direct the operation of the accessors, e.g., providing move
commands. An XY processor node 55 may be provided and
may be located at an XY system of {irst accessor 18. As
illustrated, the XY processor node 535 i1s coupled to the
network 60, 157, and 1s responsive to the move commands,
operating the XY system to position the gripper assembly
20.

Also, an operator panel processor node 59 may be pro-
vided at the optional operator panel 23 for providing an
interface for communicating between the operator panel and
the communication processor node 50, the work processor
nodes 52, 252, and the XY processor nodes 535, 255.

A network 60, for example comprising a common bus, 1s
provided, coupling the various processor nodes. The net-
work may comprise a robust wiring network, such as the
commercially available Controller Area Network (CAN) bus
system, which 1s a multi-drop network, having a standard
access protocol and wiring standards, for example, as
defined by Ci1A, the CAN 1n Automation Association, Am
Weich Selgarten 26, D-91058 Erlangen, Germany. Other
networks, such as Ethernet, or a wireless network system,
such as RF or infrared, may be employed 1n the library as 1s
known to those of skill in the art. In addition, multiple
independent networks may also be used to couple the
various processor nodes.

As 1illustrated in FIG. 3, the communication processor
node 50 1s coupled to each of the data storage drives 15 of
a storage frame 11, via lines 70, and may communicate with
the drives 15 and with host systems 40, 41, 42. Alternatively,
the host systems 40, 41, 42 may be directly coupled to the
communication processor node 50, at line 80 (e.g., input) for
example, or to control port devices (not shown) which
connect the library to the host system(s) with a library
interface similar to the drive/library interface. As 1s known
to those of skill 1n the art, various communication arrange-
ments may be employed for communication with the hosts
and with the data storage drives. In the example of FIG. 3,
lines 80 and 81 are intended to be Ethernet and a SCSI bus,
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respectively, e.g., and may serve as host connections. How-
ever, path 82 comprises an example of a Fibre Channel bus
which 1s a high speed serial data interface, allowing trans-
mission over greater distances than the SCSI bus systems.

According to some approaches, the data storage drives 15
may be 1n close proximity to the communication processor
node 50, and may employ a short distance commumnication
scheme, such as Ethernet, or a serial connection, such as
RS-422. Thus, the data storage drives 15 may be individu-
ally coupled to the communication processor node 30 by
lines 70. Alternatively, the data storage drives 15 may be
coupled to the communication processor node 50 through
one or more networks.

Furthermore, additional storage frames 11 may be pro-
vided, whereby each 1s preferably coupled to the adjacent
storage frame. According to various approaches, any of the
additional storage frames 11 may include communication
processor nodes 50, storage slots 16, storage cells 100, data
storage drives 15, networks 60, etc.

Moreover, as described above, the automated data storage
library 10 may comprise a plurality of accessors. For
example, 1n addition to first accessors 18 in service bay
frame 13, a second accessor 28, for example, 1s shown 1n a
right hand service bay 14 of FIG. 3. The second accessor 28
may include a gripper assembly 30 for accessing the data
storage media, and an XY system 235 for moving the second
accessor 28. The second accessor 28 may run on the same
horizontal mechanical path as the first accessor 18, and/or on
an adjacent (e.g., separate) path. Moreover, the illustrative
control system additionally includes an extension network
200 which forms a network coupled to network 60 of the
storage frame(s) 11 and to network 157 of left hand service
bay 13.

In FIG. 3 and the accompanying description, the first and
second accessors are associated with the left hand service
bay 13 and the night hand service bay 14 respectively.
However, this 1s for illustrative purposes and there may not
be an actual association. Thus, according to another
approach, network 157 may not be associated with the left
hand service bay 13 and network 200 may not be associated
with the right hand service bay 14. Moreover, depending on
the design of the library, it may not be necessary to have a
left hand service bay 13 and/or a nght hand service bay 14
at all.

An automated data storage library 10 typically comprises
one or more controllers to direct the operation of the
automated data storage library. Moreover, host computers
and data storage drives typically include similar controllers.
A hbrary controller may take many different forms and may
comprise, for example, but 1s not limited to, an embedded
system, a distributed control system, a personal computer, a
workstation, etc. The term “library controller” as used herein
1s intended 1n 1ts broadest sense as a device that includes at
least one processor, and optionally further circuitry and/or
logic, for controlling and/or providing at least some aspects
of library operations.

Referring now to FIG. 4, a typical controller 400 1s shown
with a processor 402, Random Access Memory (RAM) 403,
nonvolatile memory 404, device specific circuits 401, and
I/O 1nterface 405. Alternatively, the RAM 403 and/or non-
volatile memory 404 may be contained 1n the processor 402
as could the device specific circuits 401 and I/O interface
405. The processor 402 may comprise, for example, an
ofl-the-shell microprocessor, custom processor, Field Pro-
grammable Gate Array (FPGA), Application Specific Inte-
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grated Circuit (ASIC), discrete logic, etc. The RAM 403 1s
typically used to hold variable data, stack data, executable
instructions, etc.

According to various approaches, the nonvolatile memory
404 may comprise any type of nonvolatile memory such as,

but not limited to, Flectrically Erasable Programmable Read
Only Memory (ZLPROM) flash Programmable Read Only

Memory (PROM), battery backup RAM, hard disk drives,
ctc. However, the nonvolatile memory 404 1s typically used
to hold the executable firmware and any nonvolatile data.
Moreover, the I/0 interface 405 comprises a communication
interface that allows the processor 402 to communicate with
devices external to the controller. Examples may comprise,
but are not limited to, Ethernet, serial interfaces such as
RS-232, USB (Umversal Serial Bus) or Small Computer
Systems Interface (SCSI). The device specific circuits 401
provide additional hardware to enable the controller 400 to
perform unique functions including, but not limited to,
motor control of an accessor cartridge gripper. Moreover, the
device specific circuits 401 may include electronics that
provide, by way of example but not limitation, Pulse Width
Modulation (PWM) control, Analog to Digital Conversion
(ADC), Dagital to Analog Conversion (DAC), etc. In addi-
tion, all or part of the device specific circuits 401 may reside
outside the controller 400.

While the automated data storage library 10 1s described
as employing a distributed control system, the various
approaches described and/or suggested herein may be imple-
mented 1n various automated data storage libraries regard-
less of control configuration, including, but not limited to, an
automated data storage library having one or more library
controllers that are not distributed. Moreover, a library
controller may comprise one or more dedicated controllers
of a library, depending on the desired embodiment. For
example, there may be a primary controller and a backup
controller. In addition, a library controller may comprise one
or more processor nodes of a distributed control system.
According to one example, communication processor node
50 (e.g., of FIG. 3) may comprise the library controller while
the other processor nodes (1f present) may assist the library
controller and/or may provide backup or redundant func-
tionality. In another example, communication processor
node 50 and work processor node 52 may work coopera-
tively to form the library controller while the other processor
nodes (i1f present) may assist the library controller and/or
may provide backup or redundant functionality. Still turther,
all of the processor nodes may comprise the library control-
ler. According to various approaches described and/or sug-
gested herein, a library controller may have a single pro-
cessor or controller, or it may include multiple processors or
controllers.

FIGS. SA-5B illustrate the front 501 and rear 502 views
of a data storage drive 15, according to one embodiment. In
the example depicted in FIGS. 5A-5B, the data storage drive
15 comprises a hot-swap drive canister, which 1s 1n no way
intended to limit the disclosure or the invention. In fact, any
configuration of data storage drive may be used whether or
not i1t includes a hot-swap canister. As discussed above, a
data storage drive 15 1s used to read and/or write data with
respect to the data storage media, and may additionally
communicate with a memory which 1s separate from the
media, and 1s located within the cartridge. Thus, according
to one approach, a data storage cartridge having data storage
media may be placed into the data storage drive 15 at
opening 3503.

Furthermore, FIG. 6 illustrates an embodiment of a data
storage cartridge 600 with a cartridge memory 610 shown 1n
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a cutaway portion of FIG. 6, which 1s 1n no way intended to
limit the disclosure or the mvention. In fact, any configu-
ration of data storage cartridge may be used whether or not
it comprises a cartridge memory. According to various
approaches, the media of the data storage cartridge may
include any type of media on which data may be stored,
including but not limited to magnetic media, e.g., magnetic
tape, disks, etc.; optical media, e.g., optical tape, disks, etc.;
clectronic media, e.g., PROM, EEPROM, flash PROM,
COMPACTFLASH™, SMARTMEDIA™, MEMORY
STICK™, etc.; etc., or other suitable media. Moreover, an
example of a data storage cartridge that 1s widely employed
in automated data storage libraries for mass data storage 1s
a magnetic tape cartridge in which the media 1s magnetic
tape.

Looking now to FIGS. 7A-7B, a multi-cartridge deep slot
cell 100 having biasing springs 152 1s depicted according to
one embodiment. As shown 1n the illustrative embodiment,
the multi-cartridge deep slot cell 100 comprises a housing,
110 defining an interior space 115. A plurality of storage
slots 120 1s disposed within the housing 110, and may be
configured for storing a plurality of data storage cartridges
600, depending on the desired approach. Alternatively, the
multi-cartridge deep slot cell 100 may be built into the frame
of the automated data storage library according to one
approach.

FIGS. 8A-8D 1illustrate an embodiment of a cartridge
blocking mechanism 150 having a retaining gate 660 that
retains the data storage cartridges 1n the multi-cartridge deep
slot cell 100 according to one embodiment. As illustrated,
according to one approach, the retaining gate 660 may be
externally attached to a multi-cartridge deep slot cell 100,
relative to a front opeming 503 (See FIG. 5A) of the
multi-cartridge deep slot cell 100, whereby the retaiming
gate 660 can be activated by an accessor 18, e¢.g., of an
automated data storage library. Moreover, the retaining gate
660 allows for positive cartridge retention against the pres-
sure of biasing springs (see 152 of FIG. 7A), and ensures
that one or more data storage cartridges do not get pushed
out of the multi-cartridge deep slot cell 100 simultaneously,
while allowing the biasing springs (shown 1n FIG. 7A) of the
multi-cartridge deep slot cell 100 to continuously push data
storage cartridge(s) to the opening 1n a multi-cartridge deep
slot cell 100. Thus, according to one approach, the accessor
18 may open the retaining gate 660 to gain access to the data
storage cartridge 1n tier 1 and, upon 1ts extraction, the
biasing spring 152 moves the cartridge(s) positioned behind
the extracted cartridge forward, thereby promoting the car-
tridge(s) by one tier as will soon become apparent.

The basic working of the retaining gate 1s that the gate
prevents the data storage cartridge(s) from being pushed out
of a multi-cartridge deep slot cell 100. For example, as
shown 1n FIGS. 8A-8D, a retaining gate 660 may be lifted
(See FIG. 8B) by, for example, accessor 18 or by a front
storage cartridge 642 for cartridge removal/insertion into a
multi-cartridge deep slot cell 100. Specifically, retaining
gate 660 has a pivoting arm 661 mounted on multi-cartridge
deep slot cell 100 via a pivoting post (not shown) that may
be integral to or connected to a multi-cartridge deep slot cell
100. Retaining gate 660 includes a catch 662 whereby a
thrust force TF through data storage cartridges 644-642
caused by the pushing mechanism biasing springs 152
(shown 1 FIG. 7A but not shown in FIG. 8A) of multi-
cartridge deep slot cell 100 causes retaining gate 660 to stay
closed 1n a retaining position as shown i FIG. 8A. More-
over, the retaining gate 660 1s preferably biased such that 1t
closes 1n the downward direction over the front opening of
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multi-cartridge deep slot cell 100. This constant biasing may
be achieved via gravity as shown 1n FIG. 8A or by imple-
menting a spring force, e.g., attached to retaining gate 660
(not shown).

For removal of front storage cartridge 642 by accessor 18
from multi-cartridge deep slot cell 100, retaining gate 660
must be lifted upward to a releasing position whereby catch
662 of retaining gate 660 1s disengaged from Iront storage
cartridge 642. This can be seen 1n FIG. 8B where accessor
18 interfaces with retaining gate 660 by providing a lifting
force. Once retaining gate 660 1s lifted to the releasing
position and accessor 18 1s engaged with storage cartridge
642, accessor 18 can pull storage cartridge 642 out of
multi-cartridge deep slot cell 100 and into accessor 18
without any interference of retaining gate 660 as shown in
FIG. 8C. In view of storage cartridges 644 and 643 being
stored 1n multi-cartridge deep slot cell 100, retaining gate
660 must return to 1ts retaining position to prevent storage
cartridges 644 and 643 from being ¢jected from multi-
cartridge deep slot cell 100 by the thrust force TF of the
pushing mechamsm (not shown in FIG. 8C). During extrac-
tion of front storage cartridge 642 through the front opening
of multi-cartridge deep slot cell 100, the retaining gate 660,
which 1s biased downward, moves back to the retaiming
position to engage storage cartridge 643.

Once front storage cartridge 642 1s extracted and storage
cartridges 643 and 644 are retained from being pushed out
of multi-cartridge deep slot cell 100, retaining gate 660 has
successiully completed its cartridge retrieval process. In
FIG. 8D, retaining gate 660 demonstrates 1ts ability to insert
the data storage cartridges 1nto multi-cartridge deep slot cell
100. When accessor 18 begins to insert storage cartridge 642
back mto multi-cartridge deep slot cell 100, retaining gate
660 1s lifted to its releasing position to allow storage
cartridge 642 through the front opening of multi-cartridge
deep slot cell 100. Catch 662 of retaining gate 660 interfaces
with a rear portion of storage cartridge 642, 1n particular a
beveled surface 663 of catch 662 as shown in FIG. 8D,
whereby retaining gate 660 1s lifted to 1ts releasing position
as shown in FIG. 8B due to storage cartridge 642 being
pushed 1n multi-cartridge deep slot cell 100 by accessor 18.
In doing so, storage cartridges 644, 643 are pushed deeper
into multi-cartridge deep slot cell 100 by storage cartridge
642 1n multi-cartridge deep slot cell 100 by accessor 18.
Thus, the accessor 1s able to provide a force greater than the
thrust force TF antiparallel thereto, to overcome the direc-
tional biasing of the storage cartridges 644, 643. Upon full
isertion of the data storage cartridge into multi-cartridge
deep slot cell 100, retaining gate 660 moves to 1ts retaining
position to engage storage cartridge 642 as shown in FIG.
S8A.

Thus, looking to various embodiments presented herein,
access to a storage slot may include the ability to remove a
cartridge from a storage slot, the ability to place a cartridge
into a storage slot, or combinations thereof.

According to an exemplary embodiment, the storage slots
from top to bottom are considered to be in parallel and
comprise the same tier. Moreover, the storage slots from
front to back, 1n a particular row, are considered to be 1n
series and comprise sequential tiers.

In one embodiment, one or more data storage cartridges
may be added into the library, e.g., at an I/O station 24, 25,
whereby the controller of the automated data storage library
10 may then control and/or operate the accessor(s) 18, 28 to
transport the cartridge(s) to specific multi-cartridge deep slot
cell(s) 100, and place the cartridge(s) therein. Similarly, the
controller may operate the accessor(s) to selectively extract,
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place and transport data storage cartridges with respect to
the single cartridge storage slots 16, and/or transport
iserted or added cartridge(s) to specific single cartridge
storage slots 16.

Now referring to FIG. 9, a storage system 900 1s shown
according to one embodiment. Note that some of the ele-
ments shown 1 FIG. 9 may be implemented as hardware
and/or soltware, according to various embodiments. In some
approaches, the storage system 900 may be implemented 1n
an automated data storage library such as that shown in
FIGS. 1-2. In other approaches, an automated data storage
library such as that shown 1n FIGS. 1-2 may be a tier of the
storage system 900.

The storage system 900 may include a storage system
manager 912 for communicating with a plurality of media
on at least one higher storage tier 902 and at least one lower
storage tier 906. The higher storage tier(s) 902 preferably
may include one or more random access and/or direct access
media 904, such as hard disks 1n hard disk drives (HDDs),
nonvolatile memory (NVM), solid state memory in solid
state drives (SSDs), flash memory, SSD arrays, flash
memory arrays, etc., and/or others noted herein or known in
the art. The lower storage tier(s) 906 may preferably include
one or more lower performing storage media 908, including
sequential access media such as magnetic tape 1n tape drives
and/or optical media, slower accessing HDDs, slower
accessing SSDs, etc., and/or others noted herein or known 1n
the art. One or more additional storage tiers 916 may include
any combination of storage memory media as desired by a
designer of the system 900. Also, any of the higher storage
tiers 902 and/or the lower storage tiers 906 may include
some combination of storage devices and/or storage media.

The storage system manager 912 may communicate with
the storage media 904, 908 on the higher storage tier(s) 902
and lower storage tier(s) 906 through a network 910, such as
a storage area network (SAN), as shown 1n FIG. 9, or some
other suitable network type. The storage system manager
912 may also communicate with one or more host systems
(not shown) through a host interface 914, which may or may
not be a part of the storage system manager 912. The storage
system manager 912 and/or any other component of the
storage system 900 may be implemented 1n hardware and/or
soltware, and may make use of a processor (not shown) for
executing commands of a type known 1n the art, such as a
central processing unit (CPU), a field programmable gate
array (FPGA), an application specific integrated circuit
(ASIC), etc. Of course, any arrangement of a storage system
may be used, as will be apparent to those of skill in the art
upon reading the present description.

In more embodiments, the storage system 900 may
include any number of data storage tiers, and may include
the same or different data storage media within each storage
tier. For example, each data storage tier may include the
same type ol data storage media, such as HDDs, SSDs,
sequential access media (tape 1n tape drives, optical disk 1n
optical disk drives, etc.), direct access media (CD-ROM,
DVD-ROM, etc.), or any combination of data storage media
types. In one such configuration, a higher storage tier 902,
may 1nclude a majority of SSD storage media for storing
data 1n a higher performing storage environment, and
remaining storage tiers, including lower storage tier 906 and
additional storage tiers 916 may include any combination of
SSDs, HDDs, tape drives, etc., for storing data 1n a lower
performing storage environment. In this way, more 1Ire-
quently accessed data, data having a higher priority, data
needing to be accessed more quickly, etc., may be stored to
the higher storage tier 902, while data not having one of
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these attributes may be stored to the additional storage tiers
916, including lower storage tier 906. Of course, one of skill
in the art, upon reading the present descriptions, may devise
many other combinations of storage media types to imple-
ment into different storage schemes, according to the
embodiments presented herein.

According to some embodiments, the storage system
(such as 900) may include logic configured to receive a
request to open a data set, logic configured to determine 1t
the requested data set 1s stored to a lower storage tier 906 of
a tiered data storage system 900 in multiple associated
portions, logic configured to move each associated portion
of the requested data set to a higher storage tier 902 of the
tiered data storage system 900, and logic configured to
assemble the requested data set on the higher storage tier 902
of the tiered data storage system 900 from the associated
portions. Of course, this logic may be implemented as a
method on any device and/or system or as a computer
program product, according to various embodiments.

Referring now to FIG. 10, a system 1000 includes a frame
1002 of an automated data storage library 1004. As
described above, automated libraries are typically used to
store cartridges and drives 1n large arrays to store large
amounts of data. Thus, an interior of frame 1002 1s 1llus-
trated as a tape library 1n one embodiment, and 1s depicted
as including one or more tape drives 1006, an area for
storing tape cartridges (e.g., multi-cartridge deep slot cells
1008 and single cartridge storage slots 1009), and a robotic
accessor 1010, among other components which would be
apparent to one skilled i1n the art upon reading the present
description (e.g., see FIG. 2 above).

Automated libraries have traditionally operated 1n envi-
ronments having ideal temperature and humidity levels
within the operational specifications of the data storage
media and drives. As such, automated libraries have previ-
ously relied on outside air to flow through the library to keep
the drives and data storage media cool as drives heat the air
during the process of normal operation (e.g., such as reading
and writing data to data storage media). However, as men-
tioned above, this limits the number of environments an
automated data storage library can be implemented 1n. It the
air outside the library 1s not cool or dry enough, exposing the
interior of the library thereto may be harmiul to the data
storage media and/or the drives. One type ol automated
library which may be susceptible to exposure to environ-
mental conditions, such as, for example, heat and/or humid-
ity, are automated tape libraries contaiming tape media and
tape drives.

System 1000 of FIG. 10 further includes an optional
environmental conditioning unit 1012 associated with, pret-
erably coupled to the frame 1002. The environmental con-
dition unit 1012 may be mtegrated with and coupled to the
frame 1002. For the purposes of the present disclosure, 1t 1s
to be understood that an environmental conditioning unit
may be any device which conditions the air and/or the
surrounding environment and 1s able to change the environ-
mental conditions. The environmental conditions may
include (but are not limited to) temperature, humaidity,
ionization, pressure, etc. In one embodiment, the environ-
mental conditioning unit may be an air-conditioning unit. In
other embodiments the environmental conditioning unit may
be a thermoelectric heater, a thermoelectric cooler, an elec-
tric heater, a liquid cooler, an air conditioner, a heat pump,
an evaporate cooler, an 1onizer, a de-1onizer, a humidifier, a
dehumidifier, one or more fans, etc. An environmental
conditioning unit 1n accordance with one embodiment of the
present disclosure may increase or decrease the temperature,
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humidity, pressure, etc. The environmental conditioning unit
1012 may be coupled to an upper surface 1014 (e.g., the
root) of the frame 1002 as shown 1n FIG. 1B and FIG. 10.
The environmental conditioning unit 1012 preferably oper-
ates without negatively aflecting the operating conditions 1n
the frame 1002. However, an environmental conditioming
unit may be functionally associated with the frame 1002 by
positioning the environmental conditioning unit elsewhere
and using ducts to route the air to the interior of the frame
1002, coupling the environmental conditioning unit to a side
of the frame 1002, coupling the environmental conditioning
unit to a bottom of the frame 1002 (underneath the frame
1002), etc., depending on the desired approach.

The environmental conditioning unit 1012 1s preferably
configured such that 1t may regulate the relative conditions
(e.g., temperature, humidity, pressure, 10nization, contami-
nant presence via liltering, etc.) inside the frame 1002. Thus,
according to different approaches, the environmental con-
ditioning unit may be able to reduce the temperature 1n the
interior of the frame 1002 and/or reduce the relative humid-
ity of the interior of the frame 1002, depending on the type
of environmental conditioning unit 1012 employed. The
environmental conditioning unit 1012 1s preferably config-
ured to turn on and ofl as desired to maintain a selected
temperature, humidity and/or other conditions 1n the interior
of the frame 1002. Alternatively, the environmental condi-
tioming unit may have a fan and the fan can be left always
on to keep air circulating within the interior of the frame. In
one embodiment, the environmental conditioning unit may
be an air conditioning unit and the fan may be continuously
on and the condenser may turn on and off to maintain a
selected temperature and/or humidity in the interior of the
frame 1002.

As would be appreciated by one skilled in the art, the
environmental conditioning unit 1012 may be an air condi-
tioming umt and may be able to adjust the relative tempera-
ture and/or humidity of the interior of the frame 1002 1n a
conventional manner. Cold air may flow into the interior of
the frame 1002 via an 1nlet air duct 1030 which may connect
the environmental conditioning unit 1012 to the interior of
the frame 1002, and form an inlet 1035 1n the upper surface
1014 of the frame 1002. Specifically, an inlet air duct 1030
may direct the air cooled by the environmental conditioning
unit 1012 into the interior of the frame 1002, e.g., where the
majority of the data storage media may be stored. As a result,
air tlow 1s created from the environmental conditioning unit
1012 to the interior of the frame 1002, as indicated by arrows
1024. This air flow may be induced by a fan included in the
environmental conditioning unit 1012 and/or by using the
tans 1n the one or more tape drives 1006, as will be described
in further detail below.

Once in the interior of the frame 1002, the air flow may
extend past the multi-cartridge deep slot cells 1008 and
single cartridge storage slots 1009, eventually being carried
past and/or through the one or more tape drives 1006. Thus,
the air being cycled through the environmental conditioning
unit transfers heat from the interior of the frame 1002 and
the tape drives 1006. A batile or bafilles 1026 are preferably
configured to 1solate hot air produced by (e.g., exiting) the
tape drives 1006 from the area for storing tape cartridges. In
other words, a batlle or baflles 1026 are preferably config-
ured to create hot and cold air separation 1n the interior of the
frame 1002. As mentioned above, magnetic tape and other
magnetic media may degrade when exposed to undesirable
(e.g., hot, humid, etc.) conditions. Thus, 1t 1s preferred to
inhibit and/or prevent the heat produced by the tape drives
1006 from returming to the area for storing tape cartridges.
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The air flow 1s pretferably directed through the gaps 1n the
vertical baflle, allowing the conditioned air to flow through
cach of the tape drives 1006. The gaps 1n the vertical baflle
may also be used by the robotic accessor 1010 to provide
tape cartridges to the tape drnives 1006. Moreover, the
horizontal baflle 1s preferably used to prevent air from
flowing to the multi-cartridge deep slot cells 1008 once 1t has
passed through the tape drives 1006. The air exiting the tape
drives 1s hot (e.g., at least hotter than when 1t left the
environmental conditioning unit 1012), and may negatively
allect exposed magnetic tape. Thus, air exiting the tape
drives 1006 1s preferably directed back to the environmental
conditioning unit 1012 to be conditioned (cooled, dehumidi-
fied, filtered, etc.) for further use as would be appreciated by
one skilled i the art upon reading the present description.
Although the air flow 1s preferably directed from the envi-
ronmental conditioming unit 1012 to the iterior of the frame
1002, and from the interior of the frame 1002 back to the
environmental conditioning unit 1012, the particular path
that the air flow 1s shown as extending along 1n the present
embodiment by arrows 1024 1s in no way intended to limat
the disclosure or the mvention.

With continued reference to FIG. 10, system 1000 may
include an enclosure 1020 for the environmental condition-
ing unit 1012. An additional fan 1040 may be included 1n the
enclosure 1020 for passing ambient air over external com-
ponents of the environmental conditioning unit 1012 to
further promote heating, cooling and/or conditioning of the
air. Moreover, the enclosure 1020 may include an opening,
a baflle or baflles, etc. to direct ambient air exterior to the
library 1004 toward an inlet 1022 of the environmental
conditioning unit 1012.

In one embodiment, any vents, voids, seams, etc. 1n the
frame 1002 of the library 1004, other than inlet 1035 and an
outlet 1032 in an upper surface 1014 of the frame 1002, are
preferably sealed such that air from outside the frame 1002
1s restricted and/or impeded from entering the interior
thereof. This may eflectively seal the frame 1002 of the
automated data storage library 1004 such that the air tlow
circulating through the environmental conditioning unit
1012 1s the only air moving into and out of the interior of the
frame 1002. As a result, tape drives 1006, magnetic tape
media stored 1n the library 1004, etc., or other components
in the frame 1002 may be 1solated from the environment
external of the frame 1002/1ibrary 1004 and any unfavorable
conditions which may be associated therewith. The frame
1002 may be sealed using any processes which would be
apparent to one skilled in the art upon reading the present
description, e.g., including but not limited to inserting foam,
implementing insulating seals, etc. New frames may be built
without any vents, voids, seams, etc. The housing and panels
enclosing the frame 1002 may also be insulated to prevent
or inhibit unconditioned air from entering the frame 1002.

The frame 1002 may also include one or more environ-
mental sensors 1050 exterior to the library 1004 and may
also include one or more sensors 1055 exterior to the library
1004 but inside the enclosure 1020 of the environmental
conditioning unit 1012. In one embodiment the sensors 1055
may be located in front of inlet 1022 of the environmental
conditioning unit 1012. The environmental sensors 1050,
1055 may be any sensor appropriate for determining the
environmental conditions at the sensor location, such as one
Or more temperature sensors, one or more humidity sensors,
one or more pressure sensors, etc. The one or more envi-
ronmental sensors 1050, 1055 may be in communication
with environmental conditioning unit 1012 and/or a library
controller, such as library controller 400 shown and
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described with respect to FIG. 4. The one or more signals
provided by the environmental sensors 1050, 1055 may be
utilized to control (e.g., adjust) the output and operation of
the environmental conditioning unit 1012.

System 1000 1llustrated in FIG. 10 may further comprise
one or more environmental sensors 1028 disposed within the
interior of the library 1002. The environmental sensor(s)
may be any appropriate sensor for determining the environ-
mental conditions within the frame 1002, such as, for
example, one or more temperature sensors, one Or more
humidity sensors, one or more pressure sensors, etc. The one
or more environmental sensors 1028 may be in communi-
cation with environmental conditioning unit 1012 and/or a
library controller, such as controller 400 shown and
described with respect to FIG. 4. As such, the signal pro-
vided by the one or more environmental sensors 1028 may
be utilized to control (e.g., adjust) the output and operation
of the environmental conditioning unit 1012.

Although the embodiment 1llustrated 1n FIG. 10 includes
a single frame 1002 and a single environmental conditioning
unit 1012, other embodiments may include additional
frames and/or environmental conditioning units.

While a data storage library having an integrated envi-
ronmental conditioning umt advantageously controls the
environmental conditions within the library, some chal-
lenges may exist when components within such a data
storage library need to be serviced or replaced. As noted
above, many data centers are now maintained at higher
temperatures and higher humidity levels to reduce the costs
relating to cooling the data center. For this reason, environ-
mental conditions of the data center may be substantially
different from those within a data storage library, particu-
larly a data storage library having an environmental condi-
tiomng unit. As such, a component (such as a data storage
cartridge) that 1s moved abruptly from the warm, humid
environment of the data center, for example, to the cool, dry
environment of the data storage library may develop con-
densation on surfaces thereof. Additionally, moving compo-
nents (such as a data storage cartridge) from the cool, less
humid environment of the data storage library to the warmer,
more humid data center may also develop condensation on
surfaces. Moisture build-up on surfaces of sensitive com-
ponents such as data storage cartridges and tape drives 1s
undesirable, as moisture may lead to failure of the compo-
nents and/or data loss. Tape cartridges and magnetic tape
media may be susceptible to the formation of condensation
which may negatively impact the performance of a tape
library.

Thus, 1 accordance with aspects of the present disclo-
sure, one or more media acclimation devices may be asso-
ciated with a data storage library so as to gradually acclimate
components (e.g., data storage cartridges) that are moved
from a first environment (e.g., a hot and humid data center)
into a second environment (e.g., a cool and dry data storage
library), 1n order to 1nhibit and/or avoid undesirable efiects
(e.g., the formation and/or accumulation of condensation
and moisture). Similarly, the one or more media acclimation
devices may also acclimate the components to be moved
from the second environment (e.g., a cool and dry data
storage library) into the first environment (e.g., a hot and
humid data center). To gradually change the environment
within the media acclimation device(s), one or more media
acclimation devices may be associated with and/or 1mncorpo-
rate one or more environmental control devices, such as an
electric heater, a thermoelectric heater, a thermoelectric
cooler, a liquid heater, a liquid cooler, an air conditioner, a
heat pump, an evaporative cooler, an 1onizer, a deionizer, a
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humidifier, a dehumidifier, one or more fans, a filter, or any
known environmental device, and combinations thereof that
may change environmental conditions. Herein, a library
environmental conditioning unit may serve as the environ-
mental control device. For example, a library environmental
conditioning unit may be the environmental control device
for the media acclimation device and the conditioned air
from the environmental conditioning umt may be delivered
to the media acclimation device 1n a controlled fashion, as
will be described.

The media acclimation device may take many forms and
in some embodiments may comprise a housing or enclosure
that insulates, separates and/or 1solates the interior environ-
ment of the media acclimation device from the interior of the
data storage library and/or from the exterior of the data
storage library. In some embodiments the media acclimation
device may have one or more access ports or openings for
receiving data storage tapes, and the one or more access
ports or openings may have one or more environmental
barriers (e.g., a door, hatch, cover, air curtain, hanging slots
or flaps, split membrane, separable membrane or slot that
opens when a cartridge 1s 1nserted or removed, or any other
method of providing an environmental barrier at an open-
ing). In embodiments, the acclimation device may include
one or more modified I/O stations, data storage cartridge
slots, deep slot storage cells, modified data storage drive
bays and/or modified assessors.

In one aspect of the present disclosure, the media accli-
mation device comprises one or more storage slots or
locations for receipt of one or more data storage cartridges.
The media acclimation device may include imndividual stor-
age slots, with one or more environmental control devices,
¢.g. thermoelectric elements, associated with, located in or
around one or more storage slots. Alternatively, the media
acclimation device may comprise a group ol storage slots,
with one or more environmental devices associated with,
located on and/or around the group of storage slots. The one
or more storage slots may be inside an enclosure to help
maintain the environmental conditions. In addition, the one
or more storage slots may have a flap or door that helps
maintain the environment inside the slot. For example, the
deep storage slot cell 100 in FIGS. 7A and 7B may be
modified to include or form a media acclimation device
which may contain one or more slots or locations for holding
a plurality of data storage cartridges much like the deep
storage slot cell described with respect to FIGS. 7A and 7B.
The media acclimation device may comprise the entire
modified deep storage slot cell or a portion thereof.

The modified deep storage slot cell and/or single storage
slots forming or including the media acclimation device may
be constructed to fit mnto an existing slot of a data storage
library. In one embodiment the deep storage slot cell 100
and/or single storage slots 16 may be modified to have a
door to act as and form a barrier to isolate the media
acclimation device from the interior of the data storage
library, and/or from the exterior of the data storage library.
In another embodiment, the deep storage slot cell and/or
single storage slots may be modified to form a media
acclimation device that includes one or more environmental
control devices associated with, located in or around the
media acclimation device to change the environmental con-
ditions 1n the media acclimation device. Alternatively or
additionally, the modified deep slot storage cell and/or single
storage slot(s) having or forming the media acclimation
device may have one or more environmental sensors asso-
ciated with, located within, around or exterior to the media
acclimation device to monitor environmental conditions



UsS 10,971,194 B2

19

(e.g., temperature, humidity, etc.) within the media acclima-
tion device and outside the media acclimation device. The
one or more environmental sensors may be 1n communica-
tion with an environmental control device and/or a library
controller, such as controller 400 shown and described with
respect to FIG. 4. The communication of the one or more
environmental sensors may be utilized to control (e.g.,
adjust) the output and operation of the environmental control
device. Another example of a media acclimation device
comprising one or more storage slots 1s a magazine. A
magazine 1s a removable enclosure that contains one or more
storage slots. Storage slot as used herein refers to a physical
location, either fixed or removable, for storing or holding a
cartridge.

In one example, FIG. 11 illustrates a library frame 2000,
wherein library frame 2000 has a front access door 2004 that
1s normally closed. Library frame 2000 i1s similar (but not
identical) to library frame 10 described above with respect
to FIG. 2. Front access door 2004 comprises an upper 1/0
station 2006 and lower I/O station 2007, which enable data
storage cartridges to be imported (e.g., mnserted) 1nto one or
more storage slots within the upper 1/O station 2006 and/or
the lower I/O station 2007 by an operator for eventual
retrieval by an interior accessor, much like the upper 1/O
station 24 and lower I/0 station 25 described with respect to
FIG. 2. However, 1n one embodiment of the present disclo-
sure, at least a portion of at least one of I/O stations 2006,
2007 comprises a media acclimation device 2012 as 1llus-
trated 1n FIG. 15. In one embodiment, one or both of I/O
stations 2006, 2007 may have a door 2008 on their respec-
tive exterior-facing, front sides so as to maintain the envi-
ronment conditions within the 1/O stations 2006, 2007. Door
2008 may help control access to the media cartridges in the
[/0O stations and to allow the 1/O station to be locked, and
may be specifically designed to act as an environmental
barrier. For example, door 2008 may be msulated and may
provide a seal when closed. Furthermore, one or more of I/O
stations 2006, 2007 may also comprise at least one second
door 2011 on an 1nterior-facing side thereot, as 1llustrated 1n
FIG. 15. Accordingly, the one or more exterior doors 2008
and one or more interior doors 2011 may help 1solate the
media acclimation device 2012 from the interior and exterior
of the data storage library (the library frame) and may help
maintain the environmental conditions inside the I/O sta-
tions 2006, 2007, as will be described further below.

Either one or both of the exterior door 2008 and the
interior door 2011 may comprise an electric door controlled
by a library controller, such as controller 400 shown and
described with respect to FI1G. 4. Alternatively, either or both
of the exterior door 2008 and the interior door 2011 may
comprise a mechanical door, which may be controlled (i.e.,
opened or closed) by certain movements of a robot accessor
and/or by the manual removal of a data storage cartridge
stored within /O stations 2006, 2007. Additionally, or
alternatively, the exterior door 2008 and/or interior door
2011 may be manually moved by an operator or technician.
Additionally, or alternatively, the exterior door 2008 and/or
interior door 2011 may be moved by one or more electro
mechanical devices (e.g., motors, actuators, etc.). The elec-
tro mechanical devices may be controlled by a library
controller, such as controller 400 shown and described with
respect to FIG. 4. Either one or both of the exterior door
2008 and/or interior door 2011 may comprise a locking
mechanism that prevents the door from being opened until
the environmental conditions on one side of the door are
within a range of the environmental conditions on the other
side of the door. The locking mechanism may be controlled
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by a library controller, such as controller 400 shown and
described with respect to FIG. 4.

One or more environmental sensors 2010 may also be
associated with, disposed on or near library frame 2000, 1n
this embodiment, preferably the exterior of the library
frame, so as to monitor the environmental conditions (such
as, for example, temperature, humidity, etc.) outside of the
data storage library (1.e., within the data center). The envi-
ronmental sensor(s) 2010 may be 1n communication with a
library controller, such as controller 400 shown and
described with respect to FIG. 4. One or more environmental
sensors may also be associated with, positioned 1n and/or
near the media acclimation device formed by at least a
portion of the I/O stations 2006, 2007 to monitor the
environmental conditions (e.g., temperature, humidity, etc.)
inside the media acclimation chamber 2012. The one or
more environmental sensors associated with, positioned
inside, and/or near the media acclimation device 2012 also
may be in communication with the library controller, such as
controller 400 shown and described 1n FIG. 4. The commu-
nication of any or all of the environmental sensors may be
utilized to control (e.g., adjust) the output and operation of
the environmental control device. In another example, the
I/O stations 2006, 2007 may comprise magazines and may
not have exterior doors 2008. The magazines may comprise
a locking mechanism that prevents the magazine from being
removed until the environmental conditions on the mside of
the magazine are within a range of the environmental
conditions outside of the data storage library. The locking
mechanism may be controlled by a library controller, such as
controller 400 shown and described with respect to FIG. 4.

In one embodiment utilizing at least a portion of I/O
stations 2006, 2007 as a media acclimation device 2012, the
environmental conditions within the portion(s) of I/O sta-
tions 2006, 2007 may acclimate passively. That 1s, when 1t
1s desirable to transport one or more data storage cartridges
from outside the data storage library—e.g., in the data
center—to the interior of the data storage library, the exterior
door 2008 of one or both of I/O stations 2006, 2007 may be
opened (either partially or fully), while the mterior door(s)
2011 may remain closed. Due to exterior door 2008 being
opened, ambient air from the exterior environment of the
data storage library naturally enters the exposed portions of
I/O stations 2006, 2007. Accordingly, depending upon how
long the exterior door 2008 1s opened as well as other
factors, the respective storage slots of 1/O stations 2006,
2007 acclimate toward and may reach the environmental
conditions of the space surrounding the data storage library.
When the conditions in the I/O stations 2006, 2007 are
appropriate or met a threshold (e.g., approximate or are the
same as the environmental conditions in the data center), the
data storage cartridges are placed 1n the I/O stations 2006,
2007 for eventual placement into the data storage library.
Next, exterior door 2008 may be closed (and the interior
door 2011 may remain closed or may be partially opened),
and the conditions within the respective storage slots of 1/0
stations 2006, 2007 may gradually change to be closer to the
interior environmental conditions of the data storage library
simply through the conductive and/or convective heat trans-
ter to the I/O stations 2006, 2007. This gradual change (or
acclimation) allows the inserted data storage cartridge to
slowly ramp down or up 1n temperature, humidity, and/or or
other environmental conditions, which may inhibit and/or
avold condensation from forming and/or accumulating on
the data storage cartridge(s) due to abrupt changes in tem-
perature and humidity. When the data storage cartridge(s)
are properly acclimatized, the iterior door 2011 of the I/O
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stations 2006, 2007 may be opened, and the data storage
cartridge(s) may be accessed by the accessor for functional
use within the data storage library.

It 1s also to be understood that the present embodiment
also provides for media acclimatization in the reverse direc-
tion. That 1s, when one or more data storage cartridges are
to be removed from the data storage library, the at least a
portion of the I/0 stations which serves as media acclima-
tion device 2012 1s conditioned to approximate the condi-
tions of the interior of the library (e.g., at the environmental
conditions of the tape cartridges). This may require the
interior door 2011 of the 1/0 stations 2006, 2007 to remain
open for a predetermined period of time (or until a prede-
termined environmental condition 1s sensed by one or more
environmental sensors associated with and which detect the
environmental conditions 1nside the media acclimation
device) so as to allow the slots within I/O stations 2006,
2007 to acclimatize to the environmental conditions within
the interior of the data storage library. After the predeter-
mined period ol time has passed (or an environmental
condition has been reached or nearly reached), the accessor
may place the data storage cartridges inside the media
acclimation device 2012 formed 1n at least a portion of the
I/0 stations 2006, 2007, the interior door 2011 may close,
and exterior door(s) 2008 may remain closed (or may be
partially opened) such that the environmental conditions
within the slots of the 1/O stations 2006, 2007 slowly ramp
toward the exterior environmental conditions. When the data
storage cartridge(s) are properly acclimatized, the exterior
door(s) 2008 of the 1/0 stations 2006, 2007 may be opened,
and the data storage cartridge(s) may be removed by a user.

In one embodiment, the exterior doors 2008 may have
vents 2009 1n communication with the interior of the media
acclimation device and the exterior of the data storage
library that may be movable, preferably between open and
closed positions. The vents 1n the exterior door 2008 may be
operable to permit air from the exterior of the library to more
casily infiltrate 1into the media acclimation device 2012 to
adjust the conditions inside the media acclimation device
2012. While the vents 2009 are described and depicted as
being on the exterior door 2008, 1t will be appreciated that
the vents may be 1n other locations to be 1n communication
with the interior of the media acclimation device 2012 and
the environment exterior to the library. The vents 2009 may
be manually operable by an operator or technician, operable
by a library controller, and/or operable by the accessor. In
the process where a data storage cartridge from inside the
library 1s being gradually acclimatized to the conditions
outside the library, after the data storage cartridge has been
placed in the media acclimation device 2012 formed by at
least a portion of the I/O station 2006, 2007, the interior door
may be closed, and the vents 2009 may be opened so that the
conditions 1n the media acclimation device slowly adjust to
the exterior conditions of the library which may inhibit or
prevent the formation of condensation or other adverse
conditions.

It will be appreciated that the vents 2009 may be con-
trolled and operated immediately upon closing interior door
2011 to the media acclimation device 2012, after a prede-
termined amount of time after the interior door 2011 1s
closed, and/or 1n response to the conditions inside the media
acclimation device 2012 reaching equilibrium but not nec-
essarily meeting or within appropriate range of the environ-
mental conditions outside the library. It should further be
appreciated that the environmental sensors associated with
and for measuring conditions 1n the media acclimation
device 2012, mside the library, and exterior to the library
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may be utilized to determine when and if the vents 2009
should be utilized and to what degree.

In accordance with another aspect of the disclosure, one
of I/O stations 2006, 2007 may be utilized for transferring
data storage cartridges into the data storage library (import),
while the other may be utilized for transporting data storage
cartridges from the data storage library (export). In this way,
one ol I/O stations 2006, 2007 may be 1mitially prepared for
iserting data storage cartridges therein, without the need to
ramp environmental conditions toward the external (or
ambient) conditions outside of the data storage library.
Likewise, the other of I/O stations 2006, 2007 may be
iitially prepared for exporting one or more data storage
cartridges by the internal accessor, thereby avoiding the
need to ramp the environmental conditions within the other
I/O station 2006, 2007 toward the internal conditions of the
data storage library. In one embodiment, 1n order to optimize
the efliciency of import/export with the acclimation process,
the 1/0 station that was used for import becomes an export

/O station after 1t has been acclimated to the inside envi-

ronment of the library. Likewise, the I/O station that was
used for export becomes an import 1/O station after 1t has
been acclimated to the exterior environment of the library.
This way, an additional acclimation step 1s avoided by not
having to return the environmental state of the 1/0O station
alter an 1mport or export operation 1s completed.

In an alternative embodiment utilizing at least a portion of
I/O stations 2006, 2007 as a media acclimation device 2012,
the environmental conditions within the portion(s) of I/O
stations 2006, 2007 acting as the media acclimation device
may be acclimated actively. That 1s, one or more fans (not
shown) may be incorporated into the 1/O stations 2006, 2007
or adjacent portions of the library frame 2000 so as to move
air either from the ambient environment outside of the
library frame 2000 or the conditioned environment within
the library frame 2000. The one or more fans may be
controlled to move air into the portions of the 1/0 stations
2006, 2007 being utilized as a media acclimation device
2012 to gradually condition (e.g., warm, cool, humiditfy,
dehumidily, pressurize, depressurize, 1onize, deionize, etc.)
its interior environment. The movement of air into these
portions of the I/O stations 2006, 2007 that forms the media
acclimation device 2012 may be done as a preparation step
(1.e., prior to 1nsertion of the data storage cartridge(s)) or as
an active part of acclimating the environmental conditions of
the data storage cartridge. The embodiment may include two
or more fans, with a first fan (or group of fans) operative to
move exterior ambient air into the I/O stations 2006, 2007,
and a second fan (or group of fans) operative to move
interior conditioned air into the I/O stations 2006, 2007.
Alternatively, a single fan for each of I/O stations 2006,
2007 could be used for both actions simply by changing the
fan’s direction of rotation. Alternatively, instead of, or 1n
addition to, a fan or fans actively acclimating I/O stations
2006, 2007, one or more other environmental control
devices, e.g., thermoelectric devices, could be used to heat
and cool the air inside the media acclimation device formed
as at least a portion of the one or more of I/0 stations 2006,
2007. In fact, any known environmental device, such as a
thermoelectric heater, a thermoelectric cooler, an electric
heater, a liquid heater, a liquid cooler, an air conditioner, a
heat pump, an evaporative cooler, an 1onizer, a de-1onizer, a
humidifier, a dehumadifier, one or more fans, etc. or any
combination thereol, may be utilized. The embodiment
utilizing the environmental control devices and/or fans may
also utilize the vents that communicate the interior of the
media acclimation device 2012 with the exterior of the
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library and/or the conditioned interior of the library. Another
example of an I/O station may comprise a magazine (not
shown). A magazine 1s a removable enclosure that contains
one or more storage slots. Herein, I/O station refers to a
structure, enclosure, and/or assembly containing storage
slots that allows data storage cartridges to be imported (e.g.,
inserted) ito the library, or exported (e.g., removed) from
the library, without disrupting host operation and/or without
opening a main door to the library. A magazine may provide
an environmental barrier for the I/O station (e.g., 1if an
exterior wall of the magazine 1s adjacent to the exterior of
the library).

Next, referring to FIG. 12, an alternative embodiment of
a media acclimation device 3000 i1s illustrated. Unlike the
media acclimation device 2012 that may be associated with
and/or 1ntegral to at least a portion of the I/O stations 2006,
2007 described above with respect to FIG. 11, media accli-
mation device 3000 has been modified to {it into an existing,
data storage drive bay of a library frame, similar to the data
storage drives 15 shown 1n FIG. 2. As media acclimation
device 3000 1s configured to fit into an existing data storage
drive bay, the outer construction of media acclimation
device 3000 1s substantially similar to that of a conventional
data storage drive, such as data storage drive 15. Further-
more, like a conventional data storage drive, media accli-
mation device 3000 may receive some or all of its power (i
necessary) from a hot-swap drive power connector, which
provides power to the media acclimation device 3000 via a
connection between the data storage drive bay and the media
acclimation device.

Media acclimation device 3000 1n one aspect 1s config-
ured to condition the air around one or more data storage
cartridges located within the media acclimation device 3000
through the use of a conduit 3004, which provides a con-
nection between the ambient air outside of the data storage
library and the interior of media acclimation device 3000.
The conduit 3004 may extend toward an opening, batlle,
vent, etc. located at the rear of the data storage library, which
allows for the selective entry of ambient air from outside the
library into the media acclimation device 3000. Additionally
or alternatively, the system may use one or more of the
environmental devices associated with and/or integrated into
the media acclimation device 3000. For example, media
acclimation device 3000 may comprise one or more ther-
moelectric devices that could be used to heat and cool the air
inside media acclimation device 3000. Alternatively, any
known environmental device, such as an electric heater, a
liquid heater, a liquid cooler, an air conditioner, a heat pump,
an evaporative cooler, an 1onizer, a deionizer, a humidifier,
a dehumidifier, one or more fans, etc., or any combination
thereol, may be utilized. Media acclimation device 3000
may have an interior configuration and provide for loading
of data storage cartridges similar to deep storage slot cell
100 shown and described with respect to FIGS. 7A-7B.
Furthermore, media acclimation device 3000 may comprise
one or more environmental sensors 3006 associated with,
and/or disposed 1n an iterior portion of media acclimation
device 3000. The one or more environmental sensors 3006
(e.g., temperature sensor(s ), humidity sensor(s), etc.) may be
configured to sense the internal environmental conditions of
the media acclimation device 3000. The environmental
sensor(s) 3006 may be in communication with a library
controller, such as controller 400 shown and described with
respect to FIG. 4. The communication of any one or all of
the environmental sensors may be utilized to control (e.g.,
adjust) the output and operation of the environmental control
device.
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In one embodiment, media acclimation device 3000 may
contain and acclimate multiple data storage cartridges at the
same time. This may be accomplished through deep storage
slot technology, similar to that shown and described with
respect to FIGS. 7A-7B above, or through a motorized
cartridge movement and stacking system, or through some
other method. Deep storage slot technology may comprise a
spring or other biasing device within the media acclimation
device 3000 which provides a biasing force 1n the opposite
direction of data storage cartridge insertion. Multiple data
storage cartridges may be mserted and removed without the
aid of motors, gravity, etc., due to the biasing force of the
spring. Motorized cartridge movement technology may
comprise a motorized belt system or similar motorized
conveyance, wherein a data storage cartridge may be
inserted into one end of the media acclimation device and
transported in the direction of the other end of the media
acclimation device for eventual removal. Additionally and/
or alternatively, a motorized stacking system may be
employed, wherein one or more motorized devices may be
capable of receiving the data storage cartridges and creating
a plurality of stacked rows and/or columns of data storage
cartridges within the media acclimation device 3000. Fur-
thermore, the media acclimation device 3000 may be sized
to include multiple deep storage slots, multiple belts/con-
veyors, etc. For instance, instead of only a single row of data
storage cartridges stored within the media acclimation
device 3000, multiple (e.g., 2, 3, 4, etc.) stored rows may be
possible.

In one embodiment, data storage cartridges are inserted by
an operator at the conduit 3004 of media acclimation device
3000, and they may be removed by a library robot accessor
at the front opening portion 3003 of media acclimation
device 3000. In another embodiment, data storage cartridges
may be iserted by the library robot accessor at the front
opening portion 3003 of media acclimation device 3000 and
may be removed by an operator at the conduit 3004 of media
acclimation device 3000. The conduit 3004 may be config-
ured to be accessible by the operator via an external access
port on the data storage library such that a primary access
door to the data storage library does not need to be opened
for insertion or removal of data storage cartridges. In another
embodiment, data storage cartridges may be inserted by the
library robot accessor at the front opening portion 3003 of
media acclimation device 3000 and may also be removed by
the library robot accessor at the front opening portion 3003
of media acclimation device 3000. In still another embodi-
ment, data media cartridges may be nserted by an operator
at the conduit 3004 of media acclimation device 3000 and
may be removed by an operator at the conduit 3004 of media
acclimation device 3000.

Each of front opening portion 3003 and the condut 3004
may comprise an environmental barrier to inhibit and/or
prevent the entrance and/or escape of air. For example, a
door 3008 may be present adjacent to front opening portion
3003, while a door 3009 may be present adjacent an opening
of condwit 3004. The environmental barrier (e.g., doors
3008, 3009) may comprise a door, hatch, cover, air curtain,
hanging slots or flaps, split membrane, separable membrane,
a slot that opens when a cartridge 1s inserted or removed, or
any other method of providing an environmental barrier or
seal at an opemng to resist, impede, and/or block the
intrusion of air into the interior of the media acclimation
device 3000. Both doors 3008, 3009 may be movable so as
to provide access via an accessor and/or via an operator
(e.g., a cartridge moving into or out of the door may cause
the environmental seal to be broken while the cartridge 1s
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moving 1nto or out of the media acclimation device 3003).
The doors 3008, 3009 may be automatically movable (e.g.,
via movements of the accessor or through an electro-
mechanical device) and/or manually movable by an operator
(e.g., 1I the door 1s hinged, sliding or otherwise indepen-
dently operated from a cartridge moving through the door).
In an embodiment where data storage cartridge(s) are
inserted mto the media acclimation device 3000 via the
conduit 3004, the door or barrier blocking the rear opening
portion may be opened to allow for insertion of the one or
more data storage cartridges. The door or barrier may then
be closed such that the interior cavity of media acclimation
device 3000 may be insulated, separated and/or 1solated
from both the exterior and interior environments of the data
storage library. The environmental control device (or
devices) associated with and/or incorporated nto the media
acclimation device 3000 may then operate to gradually ramp
the environmental conditions within the media acclimation
device 3000 from the exterior environmental conditions to
the 1nterior environmental conditions. In this way, the data
storage cartridge(s) within the media acclimation device
3000 gradually acclimatize to the conditions within the data
storage library, which may inhibit and/or avoid the forma-
tion or accumulation of condensation (or any other undesir-
able eflect that may be caused by changing environments) on
any component of the data storage cartridge(s).

As noted above, data storage cartridges may be inserted
by the library accessor at the front opening portion 3003 of
media acclimation device 3000 and may also be removed by
the library accessor at the front opening portion 3003 of
media acclimation device 3000. In such an instance, the
operator would provide the data storage cartridge(s) at an
accessible location (such as an 1I/O station), and a library
accessor would retrieve the cartridge(s) for acclimation and
insert them within the media acclimation device 3000. The
library accessor would preferably operate at relatively high
speeds so as to timely retrieve the data storage cartridge(s)
and isert them within the controlled environment of the
media acclimation device 3000 so as to ihibit and/or avoid
any formation or accumulation of condensation on the data
storage cartridge(s) during transport. Alternatively, the
accessor may be insulated or may contain an environmental
control device (as will be discussed) to help prevent unde-
sirable environmental conditions from aflecting the data
storage cartridge during transport.

Next, referring to FIG. 13, another embodiment of a
media acclimation device 4000 1s 1illustrated. Media accli-
mation device 4000, like media acclimation device 3000
described above with respect to FI1G. 12, may be constructed
so as to fit into an existing data storage drive bay of a data
storage library 1n a fashion similar to that of a conventional
data storage drive, such as data storage drive 15 shown 1n
FIG. 2. Also, like a conventional data storage drive, media
acclimation device 4000 may receive some or all of 1its
power (1 required) from a hot-swap drive connector.

Media acclimation device 4000 may be configured to
condition the air around one or more data storage cartridges
disposed therein through the use of one or more of envi-
ronmental control devices, such as a thermoelectric heater, a
thermoelectric cooler, an electric heater, a liqud heater, a
liquid cooler, an air conditioner, a heat pump, an evaporative
cooler, an 1onizer, a deitonizer, a humidifier, a dehumidifier,
one or more fans, or any combination thereof. Additionally
and/or alternatively, media acclimation device 4000 may
receive conditioned air from an associated external environ-
mental control component 4001 (e.g., an environmental
conditioner such as, for example, an air conditioner or
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evaporative cooler) through a supply duct 4005. A return
duct 4006 may provide a return path for the environmentally
conditioned air. However, 1t 1s to be understood that return
duct 4006 may be omitted from the present embodiment.
Furthermore, media acclimation device 4000 may be asso-
ciated with and/or comprise one or more environmental
sensors 4008 disposed within and/or associated with an
interior portion thereof. The one or more environmental
sensors 4008 (e.g., temperature sensor(s), humidity
sensor(s), etc.) may be configured to sense the internal
environmental conditions of the media acclimation device
4000. Additionally, or alternatively, optional environmental
sensors may be utilized to sense and/or measure the envi-
ronmental conditions within the interior and/or exterior of
data storage library. The environmental sensor(s) 4008 may
be 1n communication with external environmental control
component 4001 and/or a library controller, such as con-
troller 400 shown and described with respect to FIG. 4. The
communication of the one or more environmental sensors
may be utilized to control (e.g., adjust) the output and
operation of the environmental control device (e.g., envi-
ronmental control component 4001, controllable dampers,
controllable batlles, etc.).

One or more of supply duct 4005 and return duct 4006
may comprise a damper or baflle to enable the duct to be
opened and/or closed. The damper(s) or batlle(s) may be
controlled so as to gradually move conditioned air to/from
media acclimation device 4000. One respective end of each
of supply duct 4005 and return duct 4006 may be connected
to the media acclimation device 4000 so as to communicate
with an interior portion of media acclimation device 4000,
while the other end of supply duct 4005 and return duct 4006
may be coupled to an external environmental control com-
ponent 4001, such as environmental conditioning unit 1012
shown and described with respect to FIG. 10, which may be,
for example, an air conditioning unit. In this way, condi-
tioned air may be provided through duct 4005 to acclimate
one or more data storage cartridges placed therein.

In one aspect of the embodiment, media acclimation
device 4000 may contain multiple data storage cartridges at
the same time. This may be accomplished through deep
storage slot technology or through a motorized cartridge
movement and stacking system or through some other
method, as described above with respect to FIG. 12.

In one aspect of the embodiment, cartridges are nserted
by an operator at a rear opening portion 4004 of media
acclimation device 4000, and they may be removed by a
library robot accessor at the front opening portion 4003 of
media acclimation device 4000. In another embodiment,
data storage cartridges may be 1nserted by the library robot
accessor at the front opening portion 4003 of media accli-
mation device 4000 and may be removed by an operator at
the rear opening portion 4004 of media acclimation device
4000. The rear opening portion 4004 may be configured to
be accessible by the operator via an external access port,
panel and/or door on the data storage library such that a
primary access door to the data storage library (which 1s
typically much larger than the access port) does not need to
be opened for msertion or removal of data storage cartridges.
In at least one embodiment supply duct 4005 and/or return
duct 4006 preferably does not interfere with access to the
rear opening portion 4004.

In another embodiment, data storage cartridges may be
inserted by the library robot accessor at the front opening
portion 4003 of media acclimation device 4000 and may
also be removed by the library robot accessor at the front
opening portion 4003 of media acclimation device 4000. In
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still another embodiment, data storage cartridges may be
inserted by an operator at the rear opening portion 4004 of
media acclimation device 4000 and may be removed by an
operator at the rear opening portion 4004 of media accli-
mation device 4000.

Front opening portion 4003 and rear opeming portion 4004
may comprise an environmental barrier to prevent the
entrance and/or escape of air. For example, front opening
portion 4003 may comprise a door 4010, which 1s capable of
moving so as to enable access to the interior of media
acclimation device 4000. While not shown, rear opening
portion 4004 may comprise a similar environmental barrier.
If present, the environmental barrier of rear opening portion
4004 and/or front opening portion 4003 may comprise a
door, hatch, cover, air curtain, hanging slots or flaps, split
membrane, separable membrane, a slot that opens when a
cartridge 1s inserted or removed, or any other method of
providing an environmental barrier or seal at an opening to
resist, 1impede, and/or block air from ntruding into the
interior of the media acclimation device 4000. In an embodi-
ment where data storage cartridge(s) are inserted into the
media acclimation device 4000 via the rear opening portion
4004, the door or barrier blocking the rear opening portion
may be opened to allow for insertion of the one or more data
storage cartridges. The door or barrier may then be closed
such that the interior cavity of media acclimation device
4000 may be insulated, separated, and/or 1solated from both
the exterior and interior environments of the data storage
library. Conditioned air from an associated external envi-
ronmental control component 4001 (e.g., an environmental
conditioning unit, such as, for example, an air conditioner or
evaporative cooler) may then be provided through a supply
duct 4005 into the media acclimation device 4000 to gradu-

ally ramp the environmental conditions within the media
acclimation device 4000 from the exterior environmental
conditions to the interior environmental conditions. In this
way, the data storage cartridge(s) within the media acclima-
tion device 4000 gradually acclimatize to the conditions
within the data storage library, which may inhibit and/or
avoid the formation or accumulation of condensation (or any
other undesirable eflect that may be caused by changing
environments) on any component of the data storage car-
tridge(s).

Next, referring to FIG. 14, another alternative embodi-
ment of a media acclimation device 5000 1s illustrated.
Media acclimation device 5000, like media acclimation
devices 3000, 4000 described above with respect to FI1G. 12
and FI1G. 13, respectively, may be constructed so as to {it into
an existing data storage drive bay of a data storage library 1n
a Tashion similar to that of a conventional data storage drive,
such as data storage drive 15 shown 1n FIG. 2. Also, like a
conventional data storage drive, media acclimation device
5000 may receive some or all of its power (if required) from
a hot-swap drive connector.

Media acclimation device 5000 1s configured to condition
the air around one or more data storage cartridges disposed
therein through the use of one or more of the environmental
control devices, such as the environmental control devices
described above with respect to media acclimation devices
3000, 4000. Additionally, and/or alternatively, media accli-
mation device 5000 may receive heated or cooled liquid
from an associated external environmental control compo-
nent 5001 (e.g., refrigerant from an air conditioner com-
pressor, cold water from an evaporative cooler, hot water
from a water heater, etc.) via a supply line 5005, while
heated or cooled liquid may return to the external compo-
nent via a return line 5006. A condensate drain line 5007
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may also be incorporated so as to drain any condensation
from the system. In this way, the environmental conditions
within the interior of media acclimation device 5000 may be
gradually changed so as to acclimate one or more data
storage cartridges stored therein. Furthermore, media accli-
mation device 5000 may comprise one or more environ-
mental sensors 5008 associated with the media acclimation
device 5000 and/or disposed in at an interior portion thereof.
The one or more environmental sensors 5008 (e.g., tempera-
ture sensor(s), humidity sensor(s), etc.) may be configured to
sense the internal environmental conditions of the media
acclimation device 5000. Additionally, or alternatively,
optional environmental sensors may be utilized to sense
and/or measure the environmental conditions within the
interior and/or exterior of the data storage library. The
environmental sensor(s) 5008 may be 1n communication
with external environmental control component 5001 and/or
a library controller, such as controller 400 shown and
described with respect to FIG. 4. The communication of the
one or more environmental sensors may be utilized to
control (e.g., adjust) the output and operation of the envi-
ronmental control device (e.g., external environmental con-
trol component 5001).

In one aspect of the embodiment, media acclimation
device 5000 may contain multiple data storage cartridges at
the same time. This may be accomplished through deep
storage slot technology or through a motorized cartridge
movement and stacking system or through some other
method, as described above with respect to FIG. 12.

Cartridges may be mnserted and removed from of media
acclimation device 5000 through openings in the manner(s)
described with respect to media acclimation devices 3000 or
4000 described 1n FIGS. 12 and 13. In addition, front
opening portion 5003 and rear opening portion 5004 may
cach comprise an environmental barrier to inhibit and/or
prevent the entrance and/or escape of air from the media
acclimation device 5000 similar to the media acclimation
devices 3000 and 4000 described 1n connection with FIGS.
12 and 13. For example, front opening portion 5003 may
comprise a door 5010, which 1s capable of moving so as to
enable access to the interior of media acclimation device
5000. While not shown, rear opening portion 5004 may
comprise a similar door. In an embodiment where data
storage cartridge(s) are mserted 1nto the media acclimation
device 5000 via the rear opening portion 5004, the door or
barrier blocking the rear opening portion may be opened to
allow for insertion of the one or more data storage car-
tridges. The door or barrier may then be closed such that the
interior cavity of media acclimation device 5000 may be
1solated from both the exterior and interior environments of
the data storage library. Heated or cooled liquid may then be
provided through a supply line 5005 into the media accli-
mation device 5000 to gradually ramp the environmental
conditions within the media acclimation device 5000 from
the environmental conditions exterior to the data storage
library to the environmental conditions within the data
storage library. In this way, the data storage cartridge(s)
within the media acclimation device 5000 may gradually
acclimatize to the conditions within the data storage library,
which may ihibit and/or avoid the formation and/or accu-
mulation of condensation (or any other undesirable effect
that may be caused by changing environments) on any
component of the data storage cartridge(s).

Referring now to FIG. 15, another embodiment 1n accor-
dance with the present disclosure 1s illustrated. A library
frame 6000 comprises an access front panel 6017 having a
rear-facing portion of an operator panel 6002, an accessor
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6004, and a gripper cage 6005, which may be associated
with and/or connected to a part of accessor 6004. The front
panel 6017 may also include I/O station 6016, 6018. The
gripper cage 6005 includes an upper gripper 6006 and a
lower gripper 6007. As described above with respect to FIG.
2, the gripper cage 6003 acts to physically retain one or more
data storage cartridges for delivery to various locations
within the library frame 6000. The library frame 6000
turther comprises a cross-rail 6008, upon which the accessor
6004 may travel, as well as an accessor controller 6009.

In an aspect of the embodiment shown in FIG. 15, the
accessor 6004 may comprise a media acclimation device.
For example, the gripper cage 6005 may be sized so as to
form at least a partially enclosed region around the upper
gripper 6006 and lower gripper 6007. The environmental
conditions within the partially enclosed region of gripper
6005 may be altered via, one or more environmental control
devices, e.g., a thermoelectric heater, a thermoelectric
cooler, an electric heater, a liquid heater, a liquid cooler, an
air conditioner, a heat pump, an evaporative cooler, an
ionizer, a deionizer, a humidifier, a dehumaidifier, one or
more fans, or any combination thereof, to provide environ-
mental conditions different than those within the library
frame 6000. A moveable door, split membrane or other
environmental barrier (e.g., hanging slots, an air curtain,
etc.) may be located at an access opening of the gripper cage
6005 so as to enable the upper gripper 6006 and lower
gripper 6007 to pass therethrough when retrieving and/or
delivering a data storage cartridge, while still inhibiting
and/or preventing the environmental conditions within the
gripper cage from being influenced by the environmental
conditions within the library frame 6000. In this way, the
data storage cartridge(s) retrieved by accessor 6004 may be
acclimated, or their environment maintained during trans-
port, within the accessor 6004 itself. Alternatively, upper
gripper 6006 and/or lower gripper 6007 may comprise the
acclimation device. In this case, the environmental barrier
may be at the front of the gripper where cartridges would be
drawn 1nto the gripper.

FIGS. 11-15 illustrate a variety of alternative media
acclimation devices which may individually operate so as to
gradually acclimate data storage cartridges being inserted
into (or removed from) a data storage library. However, 1t 1s
to be understood that the various media acclimation devices
described above may be combined so as to provide a
system-wide acclimation solution. For example, an 1I/O
station media acclimation device (such as that shown and
described with respect to FIG. 11) may be used to receive a
data storage cartridge and begin the acclimation process
either by slowly changing the environment of the data
storage cartridge or by maintaining the environment of the
data storage cartridge. A robotic accessor having an 1inte-
grated media acclimation device (such as that shown and
described with respect to FIG. 15) may then retrieve the data
storage cartridge from the I/O station and continue the
acclimation process either by slowly changing the environ-
ment of the data storage cartridge or by maintaining the
environment of the data storage cartridge during transport.
Finally, a storage slot media acclimation device (described
carlier) and/or data storage drive bay media acclimation
device (such as those shown and described with respect to
FIGS. 12-14) may receive the data storage cartridge(s) from
the accessor so as to complete the acclimation process. In
this way, the acclimation process may start when the data
storage cartridge enters the 1/0 station and the acclimation
process may be completed as the data storage cartridge
migrates to the final media acclimation device.
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Furthermore, in any of the embodiments shown and
described earlier and also with respect to FIGS. 11-15, one
or more environmental sensors (e.g., temperature sensor(s),
humidity sensor(s), etc.) may be associated with, and/or
disposed within, upon, or adjacent to the media acclimation
device(s); associated with, and/or disposed within, upon, or
adjacent to the data storage library; and/or associated with
and/or disposed within, upon, or adjacent to any external
component, or exterior to the data storage library. These
environmental sensors may be used for monitoring and/or
control of an acclimation process. The monitoring and/or
control of the media acclimation process may be performed
by the media acclimation device(s), an external environmen-
tal control component associated with the media acclimation
device(s), an environmental control device, a data storage
library controller, or another control system. Accordingly,
the data storage cartridge(s) or other components within the
media acclimation device(s) may be properly acclimatized
prior to insertion or removal from the interior confines of the
data storage library.

The processes described herein may be performed utiliz-
ing one or more embodiments of the media acclimation
devices described herein or by any other media acclimation
devices, including media acclimation devices that are not
disclosed herein. In one embodiment of the method of
acclimating one or more components for insertion into or
removal from a data storage library, the components are
inserted 1nto an acclimation device, such as, for example, the
media acclimation device shown and described above in
FIGS. 1-15, or other undisclosed acclimation device, at first
environmental conditions. Both the acclimation device and
the components inserted into the acclimation are preferably
at the same first environmental conditions, for example, the
same temperature and/or humidity level. However, there
may be a temperature and/or humidity differential between
the interior of the acclimation device and components
inserted into the acclimation device. The iterior of the
acclimation device and the components nserted therein are
acclimated to second environmental condition(s). For
example, the temperature and/or humidity levels at first
environmental conditions may be different than the tempera-
ture and/or humidity levels at the second environmental
conditions. And, the components are removed from the
acclimation device. In one embodiment, the components
may be inserted into the device and held 1n the acclimation
device for a suflicient period of time to acclimate to the
second environmental conditions. The time period may be a
predetermined time period, for example, twenty-four (24)
hours. The predetermined time period preferably 1s suili

icient
to permit the components to sufliciently acclimate. The
amount of time provided to acclimate may be more or less
then twenty-four (24) hours.

The time period could also vary and be set depending
upon the environmental conditions between the various
environments (e.g., mside and outside the library). For
example, the amount of time that 1s provided to acclimate
the components 1n the acclimation device may depend upon
the interior conditions 1nside the library, the exterior condi-
tions outside the library and/or both. A look-up table could
be used or calculations performed to determine the amount
of time the component(s) stay 1nside the acclimation device
before they are removed. Sensors may be employed to
measure the conditions iside and outside the library. In
another aspect, the process may involve including data on
the interior conditions 1nside the acclimation device. Again
sensors may be employed to measure conditions within the
interior of the acclimation device.
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In embodiments, the acclimation device may be accli-
mated so that interior 1s at the desired environmental con-
ditions, e.g., at or close to the exterior library conditions, or
at or close to the interior library conditions. To acclimate the
acclimation device to desired conditions before the compo-
nents are inserted within the acclimation device, the accli-
mation device may be arranged in a desired configuration
that favors acclimation for a predetermined period of time.
For example, the acclimation device may set for about
twenty-four (24) hours before the components are mserted
into the acclimation device. In alternative embodiments,
sensors may be employed to set the amount of time that the
acclimation device 1s acclimated.

In other embodiments, measurements ol environmental
conditions are made and/or calculated, including compari-
sons ol measurements, to determine whether or not envi-
ronmental conditions are at, near or within a desired range
and/or threshold of a desired environmental condition. In
one aspect, one or more sensors may be used to make the
measurements, and a processor and/or controller including
library processors and/or controllers may be utilized.

Referring to FIG. 16, a media acclimation process 7000,
for example, to acclimate one or more data storage car-
tridges from ambient conditions outside a data storage
library to environmental conditions within the nterior of a
data storage library, 1s disclosed in accordance with one
aspect of the present disclosure. While media acclimation
process 7000 may be considered for the sake of convenience
and not with the intent of limiting the disclosure as com-
prising a series and/or number of steps, 1t 1s to be understood
that the process does not need to be performed as a series of
steps and/or the steps do not need to be performed 1n the
order shown and described with respect to FIG. 16. At 7002,
one or more data storage cartridges are provided, while at
least one media acclimation device 1s provided at 7004. The
at least one media acclimation device may be any media
acclimation device, including, but not limited to, those
described above with respect to FIGS. 11-15. The media
acclimation device may be configured and arranged to
provide environmental conditions that may be different,
distinct, separated, insulated and/or 1solated from the envi-
ronmental conditions of the interior of the data storage
library and/or exterior of the data storage library, e.g. the
room or facility in which the data storage library 1s located.

Next, at 7006, one or more desired environmental con-
dition(s) (e.g., the temperature and/or humidity levels) both
within the media acclimation device and outside the data
storage library are detected and/or determined. The desired
one or more environmental conditions may be any environ-
mental condition (e.g., temperature, humidity, containments
level, and/or 1oni1zation level, etc.) which may be beneficial
or advantageous to gradually adjust to inhibit, impede, or
resist adverse eflects as the data storage cartridge and/or its
associated media are transterred and/or transported from one
environment to a different environment (e.g., outside the
data storage library to inside the data storage library). The
desired environmental conditions (e.g., temperature and/or
humidity) may be detected and determined in a number of
ways, including, for example, using one or more sensors
assoclated with the media acclimation device, which are
configured to measure the desired environmental
condition(s) 1n the interior of the media acclimation device,
and one or more sensors configured to measure the corre-
sponding desired environmental condition(s) outside of the
data storage library.

At 7008, 1t 1s determined whether the desired environ-
mental condition(s) (e.g., temperature and/or humidity)

10

15

20

25

30

35

40

45

50

55

60

65

32

within the media acclimation device 1s at, near and/or within
a range or threshold of the desired corresponding ambient
environmental condition(s) outside of the data storage
library. This determining step may be performed by com-
paring the data measured and/or detected for the correspond-
ing environmental condition(s) (e.g., the temperature and/or
humidity) within the media acclimation device to the envi-
ronmental condition(s) outside the data storage library.
While 7006 and 7008 are shown and described separately 1t
will be appreciated that those processes may be combined or
performed simultaneously, for example, 1n the controller or
computer processing unit of the data storage library.

If the desired environmental condition(s) within the media
acclimation device are not at, near, approximate of, and/or
within a range or a determined threshold of the environ-
mental condition(s) outside the data storage library, the
desired environmental condition(s) (e.g., temperature and/or
humidity) within the media acclimation may be increased or
decreased at 7010. The desired environmental condition(s)
being detected, measured and/or compared may be increased
or decreased either through passive exchange with the
ambient external environmental conditions or the interior
library environmental conditions, or through an active
change via one or more environmental control devices
associated with the media acclimation device and/or the
environmental conditioning unit used for the data storage
library. In one embodiment, a predetermined time may pass
in order to permit the conditions inside the media acclima-
tion device to approximate the conditions outside the data
storage library, and then measurements, comparisons and/or
determinations are undertaken again. Alternatively, ducts,
batlles, ports, openings, and/or vents (herein referred to as
vents) to the media acclimation device 1n commumnication
with the exterior of the library may be opened (e.g., a door,
batile and/or barrier blocking the duct, port, vent or opening,
may be moved or an air curtain may be deactivated) to
equalize conditions between the interior of the media accli-
mation device and the exterior of the data storage library,
and/or 1n alternative embodiments, ducts and/or vents 1n
communication with the iterior of the data storage device
may be unblocked or opened. Additionally or alternatively,
environmental control devices may be activated to equalize
the desired environmental conditions 1nside the media accli-
mation device and the exterior of the data storage library.
The processes at 7006, 7008 and 7010 are repeated until 1t
1s determined that the desired environmental condition(s)
(e.g., temperature and/or humidity) inside the media accli-
mation device are at or near the environmental condition(s)
(e.g. temperature and/or humidity) outside the data storage
library, and in response thereto a data media cartridge (or
cartridges) may be inserted into the media acclimation
device at 7012. If the media acclimation device comprises
one or more doors, the one or more doors of the media
acclimation device may be closed at 7014 in order to
insulate, separate, and/or i1solate the interior of the media
acclimation device. It 1s to be noted that in some embodi-
ments, media acclimation device may not utilize doors or
other physical barriers, and thus 7014 may be omitted.

At 7015, the environmental condition(s) (e.g., tempera-
ture and/or humidity) of the interior of the data storage
library and within the media acclimation device are then
detected by, for example, sensors (e.g., temperature and/or
humidity sensors). Next, at 7016, the desired environmental
condition(s) (e.g., temperature and/or humidity levels)
within the media acclimation device are compared to the
corresponding desired environmental condition(s) (e.g.,
temperature and/or humidity levels) inside the library, and a
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determination 1s made whether or not the environmental
condition(s) (e.g., temperature and/or humidity) within the
media acclimation device meet a desired threshold differ-
ence, preferably a predetermined threshold difference, with
the environmental condition(s) (e.g., temperature and/or
humidity) within the library. If the desired environmental
condition(s) inside the library do not meet the threshold
difference, are different than, and/or are not within a desired
range of, the corresponding environmental condition(s)
inside the media acclimation device, the desired environ-
mental condition(s) (e.g., temperature and/or humidity lev-
cls) within the media acclimation device are gradually
increased or decreased at 7018. The desired environmental
condition(s) (e.g. temperature and/or humidity levels) may
be increased and/or decreased via any environmental control
devices, including those described above with respect to
FIGS. 11-15, or simply through passive exposure to the
ambient air mside of and/or outside of the data storage
library.

Processes 7015, 7016, and 7018 are repeated until the
desired environmental condition(s) (e.g., the temperature
and/or humidity levels) within the media acclimation device
meet the desired threshold difference, preferably the prede-
termined threshold difference, at which point the media
acclimation process 1s complete. If the media acclimation
device comprises one or more doors or other physical
barriers, the door(s) or barriers may be opened at 7019, and
the data storage cartridge may be removed from the media
acclimation device at 7020. It 1s to be noted that 1n some
embodiments, media acclimation device may not utilize
doors or other physical barriers, and thus 7019 may be
omitted. It should be understood that the threshold difference
can be reached when the corresponding environmental con-
dition(s) (e.g., temperature and/or humidity) being measured
and/or compared are close, approximate of, at and or within
a range as may be appropriate depending upon the environ-
mental conditions that exist inside and outside of the data
storage library. During the acclimation process 7000, or
other acclimation processes described herein, air curtains,
movable doors and/or other environmental barriers associ-
ated with openings 1n communication with the interior of the
data storage library and/or moveable doors and/or barriers
associated with openings in communication with the outside
of the data storage library may be activated, deactivated,
opened and/or closed as appropriate to permit or inhibit
exposure of the media acclimation device to the environ-
mental conditions of the interior or exterior of the data
storage unit, or as appropriate to permit access between the
media acclimation device and the interior and exterior of the
data storage library to import or export data storage car-
tridges.

Referring now to FIG. 17, media acclimation process
8000, for example, to acclimate one or more data storage
cartridges from ambient conditions outside a data storage
library to environmental conditions within the interior of a
data storage library, 1s disclosed i accordance with another
aspect of the present disclosure. While media acclimation
process 8000 may be considered for the sake of convenience
and not with an intent of limiting the disclosure as compris-
ing a series and/or a number of steps, 1t 1s to be understood
that the process does not need to be performed as a series of
steps and/or the steps do not need to be performed 1n the
order shown and described with respect to FIG. 17. At 8002,
one or more data storage cartridges are provided, while at
least one media acclimation device 1s provided at 8004. A
first door of the media acclimation device may be 1n an
opened or partially opened position so as not to inhibit or
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block an opening that 1s in environmental communication
with the exterior of the data storage library, while a second
door of the media acclimation device may be 1n a closed
position to restrict, inhibit and/or block an opening in
communication with the interior of the data storage library.
In one embodiment, the at least one media acclimation
device 1s preferably a passive media acclimation device,
such as, for example, the passive media acclimation device
embodiment which 1s shown and described above with
respect to FIGS. 11-12. Thus, the media acclimation device
provided 1n 8004 1s preferably acclimated via exposure to
and reliance on conductive and convective heat transfer
and/or passive connection(s) to the ambient environmental
conditions outside the data storage library and/or environ-
mental conditions within the data storage library.

At 8006, desired environmental condition(s) (e.g., tem-
perature and/or humidity) are detected inside the media
acclimation device and outside the data storage library. The
desired environmental conditions may be detected through a
number ol means, including, for example, the use of sensors
for measuring the desired environmental condition(s) (e.g.,
temperature and/or humidity) inside the media acclimation
device and outside the data storage library. At 8008, it 1s
determined whether or not the desired environmental con-
dition(s) inside the media acclimation device 1s at, near,
and/or within a range or threshold of the corresponding
ambient environmental condition(s) outside the library. Such
a determination may be made by taking measurements or
readings via, e.g., one or more environmental sensors such
as temperature sensor(s) and/or humidity sensor(s) within
the media acclimation device, and environmental sensors
exterior to the data storage library and comparing the
corresponding measured environmental condition data.

I at 8008 the desired environmental condition(s) within
the media acclimation device are not at, near, and/or within
a range or threshold of the corresponding ambient environ-
mental condition(s), then ambient conditions from the exter-
nal environment outside of the data storage library are
introduced 1nto the media acclimation device at 8009. In an
alternative embodiment, a period of time 1s permitted to pass
before measurements and comparisons are retaken again at
8006 and 8008. Additionally, and/or alternatively, one or
more ports, baflles, vents, ducts, doors and/or openings
communicating between the media acclimation device and
the exterior of the data storage library may be unblocked or
opened further (e.g., a barrier, baflle or door may be moved
more to an open position, an air curtain may be partially or
tully deactivated, etc.) to permit the media acclimation
device to adjust to the exterior conditions outside the data
storage library. However, if yes, the desired environmental
conditions within the media acclimation are at, near, and/or
within a desired range of the environmental conditions
outside or exterior to the data storage library, the data
storage cartridge(s) may be inserted into the media accli-
mation device at 8010.

Next, at 8012, the first door of the media acclimation
device may be closed after insertion of the data storage
cartridge(s). Closure of the first door preferably 1solates,
insulates, and/or separates the interior of the media accli-
mation device from the ambient conditions outside the data
storage library, and may permit the environmental condi-
tions within the media acclimation device to gradually ramp
towards the environmental conditions within the interior of
the data storage library. Additionally and/or alternatively,
ambient air and/or conditioned air from within the data
storage library may be introduced into the media acclimation
device via openings, baflles, ducts, vents, etc., between the
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media acclimation device and the interior of the data storage
library so as to speed or slow the media acclimation process.
The ducts, opening, vents, etc. may have moveable doors, air
curtains or barriers to permit selective use of the ducts,
openings and/or vents. At 8014, the environmental
condition(s) within the media acclimation device are again
detected, as are the environmental condition(s) within the
storage library, and 1t 1s determined, at 8015, whether or not
the environmental condition(s) within the media acclimation
device are at, near, and/or within a range or threshold
difference between the environmental condition(s) inside the
media acclimation device and the environmental
condition(s) 1nside the data storage library.

If no, then a predetermined amount of time 1s allowed to
pass so as to allow the environmental condition(s) within the
media acclimation device to change at 8016. Processes
8014, 8015 and 8016 are repeated until the environmental
condition(s) within the media acclimation device are at,
near, and/or within a range or threshold of the corresponding,
desired environmental condition(s) inside the data storage
library. If yes, the environmental condition(s) inside the
media acclimation device and inside the library are within
the desired threshold (e.g., at, near and/or within a desired
range), then a second door 1n the media acclimation device
may be opened so as to provide internal access to the data
storage cartridge(s) within the data storage library at 8018.
The properly-acclimated data storage cartridge(s) may then
be removed from the media acclimation device and trans-
ported to the appropriate location within the data storage
library at 8020.

FIG. 18 discloses a media acclimation process 8050
similar to process 8000 described above with respect to FIG.
17, but designed for the removal of data storage cartridge(s)
from a data storage library. Again, while media acclimation
process 8050 may be considered for the sake of convenience
and without an intent of limiting the disclosure as a series
and/or a number of steps, it 15 to be understood that the
process does not need to be performed as a series of steps
and/or the steps do not need to be performed in the order
shown and described with respect to FIG. 18. At 8052, a first
door of the media acclimation device may be in a closed
position to restrict and/or block an opening in communica-
tion with the exterior of the data storage library, while a
second door of the media acclimation device may be 1n an
opened or partially opened position so as not to block and/or
restrict an opening that 1s 1n communication with the interior
of the data storage library. Thus, the media acclimation
device provided 1n 8052 1s preferably acclimated by expo-
sure to and/or via passive connection(s) to the environmental
conditions within the interior of the data storage library. At
8054, one or more environmental condition(s) within the
media acclimation device and within the data storage library
are detected and/or measured. Such measurement(s) may be
made via, e.g., one or more environmental sensors such as,
for example, temperature sensor(s) and/or humidity
sensor(s) within the media acclimation device, and corre-
sponding environmental sensors within the data storage
library. At 80356, 1t 1s determined whether or not the media
acclimation device 1s at or near the environmental conditions
within the library. Such a determination may be made by
comparing corresponding readings irom the one or more
environmental sensors such as, for example, temperature
sensor(s) and/or humidity sensor(s) within the media accli-
mation device, and corresponding environmental sensors
within the data storage library.

If at 8056 1t 1s determined that the desired environmental
condition(s) within the media acclimation device are not at,

10

15

20

25

30

35

40

45

50

55

60

65

36

near and/or within the desired range or threshold of the
corresponding environmental condition(s) inside the library,
then in one embodiment environmental conditions from
within the data storage library are introduced into the media
acclimation device at 8058. For example, one or more ports,
doors, batlles, vents or opemings communicating between
the media acclimation device and the interior of the data
storage library may be partially or fully unblocked or
partially or fully opened (e.g., a barrier or door may be
moved to an open or partially open position, an air curtain
may be fully or partially deactivated, etc.) to permit the
media acclimation device to adjust to the interior conditions
outside the data storage library. Alternatively, and/or addi-
tionally, a period of time can elapse to permit the media
acclimation device greater exposure to the environmental
conditions within the data storage library, and/or active
environmental control devices (e.g., one or more fans,
thermoelectric devices, etc.), and/or environmental condi-
tioning units may be utilized to alter the desired environ-
mental conditions within the media acclimation device.
Processes 8054, 8056 and 8038 are repeated until, yes at
8056 the desired environmental conditions within the media
acclimation are at or within a desired range of the environ-
mental condition(s) within the data storage library, then data
storage cartridge(s) may be inserted into the media accli-
mation device at 8039.

Next, at 8060, with the insertion of the data storage
cartridge(s), the second door of the media acclimation
device may be closed. Closure of the second door preferably
1solates, isulates, and/or separates the interior of the media
acclimation device from environmental conditions within
the data storage library, and may permit the environmental
conditions within the media acclimation device to gradually
ramp towards the environmental conditions outside of the
data storage library. Additionally and/or alternatively, ambi-
ent air from outside of the data storage library may be
introduced and/or passively communicated into the media
acclimation device via ducts, doors, vents, baflles, ports,
openings, etc., 1 the media acclimation device in commu-
nication with the exterior of the data storage library, which
may have air curtains, moveable doors and/or other envi-
ronmental barriers to permit direct exposure to environmen-
tal conditions outside the data storage library so as to speed
up or slow down the media acclimation process. At 8062, the
environmental conditions within the media acclimation
device are again detected, as are the environmental condi-
tions outside of the storage library, and it 1s determined, at
8064, whether or not the environmental conditions within
the media acclimation device are at, near, and/or within a
range or threshold diflerence between the conditions outside
of the data storage library. I the environmental conditions 1n
the media acclimation device do not meet the requirements
(e.g., within defined and/or desired threshold), a predeter-
mined amount of time 1s allowed to pass so as to allow the
environmental conditions within the media acclimation
device to change at 8066. Processes 8062, 8064 and 8066 are
repeated until yes, the desired environmental condition(s)
within the media acclimation device meet the requirements
(e.g., within the defined and/or desired threshold), then a
first door 1n the media acclimation device may be opened so
as to provide external access to the data storage cartridge(s)
from outside of the data storage library at 8070. The
properly-acclimated data storage cartridge(s) may then be
removed from the media acclimation device and transported
from the data storage library and into the data center at 8072.

Referring now to FIG. 19, media acclimation process
9000, for example, to acclimate a data storage cartridge from
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ambient conditions outside a data storage library to envi-
ronmental conditions within the interior of a data storage
library, 1s disclosed 1n accordance with another aspect of the
present disclosure. While media acclimation process 9000
may be considered for the sake of convenience and not with
an ntent of limiting the disclosure as comprising a series
and/or a number of steps, it 15 to be understood that the
process does not need to be performed as a series of steps
and/or the steps do not need to be performed in the order
shown and described with respect to FIG. 19. At 9002, one
or more data storage cartridges are provided, while at least
one media acclimation device 1s provided at 9004. The at
least one media acclimation device 1s preferably an active
media acclimation device, such as, for example, one or more
of the active media acclimation devices that 1s shown and
described above with respect to FIGS. 11-15, although other
active media acclimation devices are contemplated includ-
ing media acclimation devices not disclosed herein capable
of performing the process. Thus, the media acclimation
device provided 1n 9004 1s preferably acclimated via one or
more active environmental control devices capable of
changing the environmental conditions within the media
acclimation device. At 9005, environmental conditions
within the media acclimation device and outside the data
storage library are detected and measured according to any
of the methods described above. At 9006 1t 1s determined
whether or not the environmental conditions within the
media acclimation device are at, near and/or within a range
or threshold of the ambient environmental conditions out-
side the data storage library. This determining process can be
performed according to any of the methods described above.
I1 the environmental condition(s) within the media acclima-
tion device do not meet the necessary requirements, which
may be predetermined or calculated as part of the process
(1.e., the process at 9006 1s not met), then the environmental
conditions within the media acclimation device are actively
changed via the active environmental control device(s) so as
to bring the environmental conditions therein to meet, or at
least be near, or within a desired range and/or threshold of
the ambient environmental conditions outside of the data
storage library at 9008. Processes 9005, 9006 and 9008 may
be repeated until ves, the desired environmental condition(s)
in the media acclimation device are at, near and/or with a
range or threshold of the environmental condition(s) outside
the data storage library, and the one or more data storage
cartridge(s) may be inserted into the media acclimation
device at 9010.

Next, one or more doors of the media acclimation device
may be closed at 9011 1n order to insulate, separate, and/or
isolate the interior of the media acclimation device. It 1s to
be noted that in some embodiments, media acclimation
device may not utilize doors or other physical barriers that
require independent movement, and thus 9011 may be
omitted. At 9012, the environmental conditions within the
media acclimation device are then detected by, e.g., one or
more environmental sensors associated with and/or within
the media acclimation device. At 9014, it 1s determined
whether or not the desired environmental condition(s) within
the media acclimation device have met a threshold differ-
ence, which may be predetermined or calculated during
and/or before the process, with the environmental
condition(s) within the data storage library conditions. If no,
the environmental conditions within the media acclimation
device may be actively changed via the one or more active
environmental control device so as to gradually ramp the
environmental conditions toward the environmental condi-
tions within the data storage library at 9016. The environ-
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mental conditions 1n the media acclimation device may be
actively changed by utilizing an environmental conditioning
unmit associated with the data storage library, one or more
environmental control devices as disclosed above, and/or
utilizing one of the other manners disclosed 1n this applica-
tion. Processes 9012, 9014 and 9016 may be repeated until
yes, the environmental conditions within the media accli-
mation device are at, near, and/or with a range or threshold
of the environmental condition(s) within the data storage
library, and the data storage cartridge(s) have been accli-
mated. If the media acclimation device comprises one or
more doors or other physical barriers that require indepen-
dent movement, the door(s) may be opened at 9017, and the
data storage cartridges may be removed from the media
acclimation device and transported to the appropriate loca-
tion within the data storage library at 9018.

Referring to FIG. 20, a media acclimation process 9050
similar to process 9000 described above with respect to FIG.
17 1s disclosed, but with process 9050 describing the process
for removing data storage cartridge(s) from a data storage
library. While media acclimation process 9050 may be
considered for the sake of convenience and not with an
intent of limiting the disclosure as comprising a series and/or
a number of steps, 1t 1s to be understood that the process does
not need to be performed as a series of steps and/or the steps
do not need to be performed in the order shown and
described with respect to FIG. 20. At 9052, at least one
media acclimation device 1s provided. Again, the at least one
media acclimation device 1s preferably an active media
acclimation device, such as, for example, one or more of the
active embodiments that 1s shown and described above with
respect to FIGS. 11-15, although other media acclimation
devices are contemplated. Thus, the media acclimation
device provided 1n 9052 1s preferably acclimated via one or
more active environmental control devices capable of
changing the environmental conditions within the media
acclimation device. At 9054, environmental conditions
within the media acclimation device and inside the data
storage library are detected and measured according to any
of the methods described above. At 9056, 1t 1s determined
whether or not the environmental conditions within the
media acclimation device are at, near, and/or within a
desired range or threshold of the ambient environmental
conditions within the data storage library. This determining
process can be performed according to any of the methods
described above. If the environmental condition(s) within
the media acclimation device do not meet the necessary
requirements (the process at 9056 1s not met), which require-
ments may be predetermined or calculated as part of the
process, then the environmental conditions within the media
acclimation device are actively changed via the active
environmental control device(s) so as to bring the environ-
mental conditions therein to, near and/or within a desired
range or threshold of the environmental conditions within
the data storage library at 9058. Processes 9054, 9056 and
9058 may be repeated until yes, the desired environmental
condition(s) i1n the media acclimation device are at, near
and/or with a range or threshold of the environmental
condition(s) inside the data storage library, and 1n response
thereto, one or more data storage cartridge(s) may be
iserted into the media acclimation device at 9060, which
begins the acclimation of the one or more data storage
cartridge(s).

Next, one or more doors of the media acclimation device
may be closed at 9061 1n order to 1nsulate, separate, and/or
isolate the interior of the media acclimation device. It 1s to
be noted that in some embodiments, media acclimation
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device may not utilize doors or other physical barriers that
require independent movement, and thus 9061 may be
omitted. At 9062, the environmental conditions within the
media acclimation device and outside the data storage
library are then detected by, e.g., one or more environmental
sensors. At 9064, 1t 1s determined whether or not the
environmental conditions within the media acclimation
device or at, near, and/or within a desired range or threshold
of the ambient environmental conditions outside of the data
storage library. If no, the environmental conditions within
the media acclimation device may be actively changed via
the one or more environmental control devices so as to
gradually ramp the environmental conditions toward the
environmental conditions outside of the data storage library
at 9066. Processes 9062, 9064, and 9066 are repeated until
yes, the environmental conditions within the media accli-
mation device meet the requirements or criteria specified,
calculated or otherwise determined. If media acclimation
device comprises one or more doors or other physical
barriers that require independent movement, the door(s) may
be opened at 9067, and then the data storage cartridge(s)
may be removed from the media acclimation device for
removal from the data storage library at 9068.

In a number of the processes described above, a determi-
nation 1s made as to whether or not the one or more
environmental conditions within the media acclimation
device 1s at, near, within a range of and/or within a threshold
of the one or more environmental conditions of the 1nterior
and/or exterior of the data storage library. The amount by
which the conditions inside the media acclimation device are
near, within a range, and/or within a threshold of the
conditions inside and/or outside the data storage library may
be predetermined and set during programmaing, delivery or
set and/or reset during use and may be based upon environ-
mental conditions of the location and facility where the data
storage library will be operated, and the internal environ-
mental conditions the library will be exposed to during
operation. The numbers and/or values (e.g., how near, the
range and/or threshold difference) may be set 1n memory
and/or placed 1n a look up table based upon the anticipated
conditions of use. Alternatively, the numbers and/or values
tor how near, the range, and/or threshold differences can be
based upon calculations performed 1n real time based upon
the conditions of use, and/or look up tables may be pro-
grammed and which provide the numbers and values for
how near, the range and/or threshold differences based upon
real time measurements of the environmental conditions in
the respective areas (acclimation device, interior and exte-
rior ol the data storage library) and the process being
undertaken.

It follows that various embodiments described and/or
suggested herein are able to provide data storage systems,
more specifically, automated tape libraries having climate
control capabilities, with at least one media acclimation
device. As a result, favorable conditions (e.g., temperature,
humidity, presence of contaminants, etc.) may be maintained
for the tape drives and/or media which may be stored 1n the
library, while condensation accumulation on the media (and
its subsequent effect on contacting devices) may be inhibited
and/or avoided. Moreover, a data storage library may be
maintained at an appropriate temperature, humidity, con-
taminant level, etc. regardless of whether the library 1s
installed 1n an unfavorable (e.g., hot and/or wet) data center
location.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
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media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present 1nvention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, an SD (Secure Digital) Card, a Micro SD Card,
a CompactFlash Card, a mechanically encoded device such
as punch-cards or raised structures 1 a groove having
instructions recorded thereon, and any suitable combination
of the foregoing. A computer readable storage medium, as
used herein, 1s not to be construed as being transitory signals
per se, such as radio waves or other freely propagating
clectromagnetic waves, electromagnetic waves propagating
through a waveguide or other transmission media (e.g., light
pulses passing through a fiber-optic cable), or electrical
signals transmitted through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1 each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
istructions, instruction-set-architecture (ISA) instructions,
machine 1nstructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
such as a library controller, partly on the user’s computer, as
a stand-alone software package, partly on the user’s com-
puter and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
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execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
istructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the tlowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified 1 the tlowchart and/or block diagram block or
blocks.

The computer readable program 1nstructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the istructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The tflowchart and block diagrams in the Figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
tfunctions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality mvolved. Some blocks
may be combined and some may be removed. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

Moreover, a system according to various embodiments
may include a processor and logic integrated with and/or
executable by the processor, the logic being configured to
perform one or more of the process steps recited herein. By
integrated with, what 1s meant 1s that the processor has logic
embedded therewith as hardware logic, such as an applica-
tion specific integrated circuit (ASIC), a field programmable
gate array (FPGA), etc. By executable by the processor,
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what 1s meant 1s that the logic 1s hardware logic; software
logic such as firmware, part of an operating system, part of
an application program; etc., or some combination of hard-
ware and software logic that 1s accessible by the processor
and configured to cause the processor to perform some
functionality upon execution by the processor. Software
logic may be stored on local and/or remote memory of any
memory type, as known in the art. Any processor known in
the art may be used, such as a software processor module
and/or a hardware processor such as an ASIC, a FPGA, a
central processing unit (CPU), an integrated circuit (IC), a
graphics processing unit (GPU), etc.

A data processing system suitable for storing and/or
executing program code may include at least one processor,
which may be or be part of a controller, coupled directly or
indirectly to memory elements through a system bus, such as
controller 400 of FIG. 4. The memory elements can include
local memory employed during actual execution of the
program code, such as nonvolatile memory 404 of FIG. 4,
bulk storage, and cache memories which provide temporary
storage of at least some program code 1n order to reduce the
number of times code must be retrieved from bulk storage
during execution.

It will be clear that the various features of the foregoing
systems and/or methodologies may be combined 1n any way,
creating a plurality of combinations from the descriptions
presented above.

It will be further appreciated that embodiments of the
present invention may be provided in the form of a service
deployed on behall of a customer to ofler service on
demand.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill 1n the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What 1s claimed 1s:
1. A data storage library for the handling of a plurality of
data storage cartridges, the data storage library comprising:

at least one library frame enclosure, the at least one library
frame enclosure configured to receive one or more data
storage cartridges;

at least one environmental conditioming unit for condi-
tioning the 1nternal environment conditions within the
interior of the at least one library frame enclosure to be
different than the environmental conditions exterior of
the at least one library frame enclosure; and

at least one media acclimation device having an interior
comprising one or more storage locations to receive the
one or more data storage cartridges therein, and turther
wherein the at least one media acclimation device 1s
configured to gradually acclimate the one or more
storage locations from one or more external environ-
mental conditions to one or more internal environmen-
tal conditions,

wherein the data storage library 1s configured to:

determine 1f the at least one environmental condition
within the mterior of the at least one media acclimation
device meets a predetermined threshold; and
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remove the data storage cartridge from the at least one
media acclimation device in response to the at least one
condition within the interior of the at least one media

acclimation device meeting the predetermined thresh-
old.

2. The data storage library of claim 1, wherein the at least
one media acclimation device has associated therewith at
least one of a thermoelectric heater, a thermoelectric cooler,
an electric heater, a liquid heater, a liquid cooler, an air
conditioner, a heat pump, an evaporative cooler, an 1onizer,
a deilonizer, a humidifier, a dehumaidifier, one or more fans,
or any combination thereof to gradually acclimate the inte-
rior of the at least one media acclimation device.

3. The data storage library of claim 1, further comprising
one or more import/export (I/0) stations, wherein at least a
portion of the one or more I/O stations 1s configured to act
as the at least one media acclimation device.

4. The data storage library of claim 3, wherein the one or
more I/O stations comprise at least a first environmental
barrier in communication with the exterior of the at least one
library frame enclosure and at least a second environmental
barrier in communication with the interior of the at least one
library frame enclosure, wherein the first and second envi-
ronmental barriers are configured to selectively provide a
separate environment within the one or more 1I/0O stations.

5. The data storage library of claim 4, wherein the first
environmental barrier comprises a moveable door of the one
or more [/O stations, and wherein the moveable door 1s
manually operable by a user for insertion of the at least one
data storage cartridge.

6. The data storage library of claim 3, wherein the one or
more /O stations are associated with one or more fans,
wherein the one or more fans are configured to selectively
provide airflow between the 1I/O station and the interior
environment of the library frame enclosure and/or between
the I/0O station and the exterior environment of the library
frame enclosure.

7. The data storage library of claim 1 further comprising
one or more data storage drive bays, wheremn at least a
portion of the one or more data storage drive bays 1s
configured to act as the at least one media acclimation
device.

8. The data storage library of claim 7, wherein the at least
one media acclimation device comprises at least one open-
ing configured to provide access for insertion and/or
removal of at least one data storage cartridge therein.

9. The data storage library of claim 7, wherein the at least
one media acclimation device comprises at least one air duct
having a first end 1n communication with an internal cavity
of the at least one media acclimation device and a second
end 1 communication with at least one environmental
control device.

10. The data storage library of claim 7, wherein the at least
one library frame comprises one or more data storage drive
bays for receiving one or more data storage drives, the data
storage drive bays having one or more power connectors
configured to provide power to the one or more data storage
drives, wherein the library media acclimation device 1is
configured to be couplable to the power connector for the
data storage drives.

11. The data storage library of claim 7, wherein the at least
one media acclimation device comprises at least one liqud
supply line having a first end in communication with the
interior of the at least one media acclimation device and a
second end 1n communication with at least one environmen-
tal control device.
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12. The data storage library of claim 7, wherein the media
acclimation device has an opening to receive the data
storage cartridges and wherein the opening comprises an
environmental barrier.

13. The data storage library of claim 1, further comprising
a robotic accessor for accessing and transporting one or
more data storage cartridges, wherein the at least one media
acclimation device 1s associated with the robotic accessor.

14. The data storage library of claim 1, further comprising
at least one environmental sensor within the at least one
library frame enclosure, at least one environmental sensor
external to the at least one library frame enclosure, and at
least one environmental sensor within the at least one media
acclimation device.

15. The data storage library of claim 14, wherein each of
the at least one environmental sensors comprise at least one
of a temperature sensor and a humidity sensor.

16. The data storage library of claim 1, wherein the one
or more storage locations consists of at least one from the
group of storage slot cells, deep storage slot cells, a remov-
able magazine and combinations thereof, and wherein the
one or more storage locations 1s configured to act as the at
least one media acclimation device.

17. The method of claim 1, wherein the environmental
conditions within the interior of the at least one library frame
enclosure, exterior of the at least one library frame enclo-
sure, and within the interior of the at least one media
acclimation device are chosen from a group consisting of at
least one of temperature and humidity.

18. A data storage library for the handling of a plurality of
data storage cartridges, the data storage library comprising:

at least one library frame enclosure, the at least one library

frame enclosure configured to receive one or more data
storage cartridges;
at least one environmental conditioming unit for condi-
tioning the internal environment conditions within the
interior of the at least one library frame enclosure to be
different than the environmental conditions exterior of
the at least one library frame enclosure; and
at least one media acclimation device comprising one or
more storage locations to receive the one or more data
storage cartridges therein, and further wherein the at
least one media acclimation device 1s configured to
gradually acclimate the one or more storage locations
from one or more external environmental conditions to
one or more internal environmental conditions,

wherein the data storage system 1s configured to:

monitor at least one environmental condition within the
media acclimation device;

monitor at least one environmental condition outside the

media acclimation device;

adjust the at least one environmental condition within the

media acclimation device based on the at least one
environmental condition outside the media acclimation
device; and

determine whether the at least one environmental condi-

tion within the media acclimation device meets a
predetermined threshold; and removing the data stor-
age cartridge from the at least one media acclimation

device when 1t 1s determined that the at least one
condition within the at least one media acclimation

device meets the predetermined threshold.

19. The data storage system of claim 18, further config-
ured so that a robotic accessor removes at least one data

storage cartridge stored within the media acclimation device
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in response to the at least one environmental condition
within the media acclimation device meeting the predeter-

mined threshold.
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